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SUMMARY OF FORMULAE OF S-THEORY 


General Formula : The generalization, “ People’s characteristics and environments 
change/' can be more rigorously stated as: “Any quantitatively recorded societal 
situation (S) can be expressed as a combination of : 

4 indices ((I)), namely: of time [T], space [L], a human population [P], and 
indicators [I] of their characteristics; each modified by 

4 scripts, namely: the exponent [| 3 ], and descripts denoting a 
S = s (T;I;L;P)a series of classes [ s ]» of class-intervals [ s |], and of cases [ s |]; all 

combined by 

8 operators (;), i.e. : for adding [-H, subtracting [— ], multiplying [X], divid- 
ing [/], aggregating [:], cross-classifying [: :], correlating [•], and identifying 

The S-theory is a system of hypotheses which assert that combinations of 
these basic concepts [in square brackets] will describe and classify every tabula- 
tion, graph, map, formula, prose paragraph, or other set of quantitative data in 
any of the social sciences. 

Sectoral Formula: 

(expanding the general cases — s s = exponents 

formula by sectors) (I') = homosectoral index 

class-intervals = s s = classes 


id') : = 


dates = 


periods = 
points = 


class- 
, intervals 


t t = temporal 

exponent 
T = temporal 
units 

t t — chronometries 

or 

i i = indicatory 
exponent 
I = indicatory 
units 

i i = indicators 


points = 


sub-spaces = 


= spatial ex- 
ponent 

= spatial units 
= spaces 


persons = p p = 


class- 

intervals 


populational 

exponent 

persons 


= p p = plurels 


Quantic Number: (expanding the general formula 

by exponents only) I s = 

Societal Situations and Societal Space: 

In symbolic S : (I') : | B : I s ' b\ • fl | 

terms — 

In geometric Any portion 

terms — of S-space : sectors : vectors : normals : sects : points 


In sociologic 
terms — 
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tae Standard Applications: 

(by Chapters 3-12) Quantic 

number = _ | 8 = 

I? = a scries of qualitative P P :a;r = a classifica- 

characteristics 0;0;0;0 tion of plurels 0;0;0;1 

iI:P = a frequency distribu- <rl, .A,, = correlated char- 

tion of persons 0;1;0;1 acteristics 0;2;0;0 

P P: : p P:I — a group, interrelated PLr 2 = ecological 

persons 0;1;0;2 densities 0;0;8;1 

t T:P = a population pyramid 1 ;0 ;0;1 (I)T -1 = a societal 

process 9;1;0;0 

T” 2 IP - a societal force 8;1;0;1 P P: : P P:IT - 2 = societal 

control 8;1;0;2 



THE "QUANTIC SOLID” OF S -THEORY 
a Diagram of the Quantic Classification of Societal Phenomena 
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PREFACE 


Scope 

This study of the theory which is specified by the formula 
S « J(T;I;L;P)“, though emphasizing the field of Sociology as 
currently conceived, is applicable to all quantifiable data in each 
of the social sciences. It is a mathematical approach to society; 
an attempt to systematize statistical forms and societal data. 

It is intended for the rising generation of social scientists who 
are demanding tools of increased objectivity and precision for 
dealing with the phenomena of society. 

This volume is a companion volume to Foundations of Sociology 
by George A. Lundberg. The postulates and methodological 
principles which are there more ably and more fully developed are 
the foundation for this study of the dimensions of society. 


The facts from which this theory was induced are represented 
by the 326 “ S-situations ” which are appended at the ends of the 
chapters. Each “ S-situation ” is a unitary set of quantitative 
societal data (referred to in a serial number within each chapter 
by the abbreviation “S. 1, Ch. 2,” etc.). 

^ Chapter 2 the theory generalizing and classifying these 
situations is stated; its possible utility in the social sciences is 

discussed; and the experiments made towards verifying it are 
described. 


next eleven chapters explore this classificatory theory 
. class by class, developing operational redefinitions 

of sociological concepts and relations between them in some seven 
hundred formulae. (These formulae are numbered consecutively 
equations within each chapter and referred to in abbreviated 
Eq. 1, Ch. 1,” etc.) In order to reduce the difficulty 
< social scientists have, of learning an algebraic sym- 
more detailed and technical formulae with the discus- 
have been relegated to footnotes (referred to as 
3 etc.) and placed at the ends of chapters. A glos- 
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sary of symbols appears in the appendices, where it is available 
to the advanced student and will interrupt the attention of the 
general reader less. The appendices include a bibliography to 
which the reader is referred by a note, “Ref. 1,” etc. in the text. 

The last chapter attempts a tentative appraisal of the theory as 
a contribution towards making sociology more of an exact science. 

An acknowledgment 

The only acknowledgment which is more than the usual cour- 
tesy, is to the author’s tutor in sociological research. This tutelage 
began by studying the book Social Research by George A. Lund- 
berg and by applying its teaching in a controlled experiment on 
village communities in Syria. The tutelage in sociological method- 
ology continued on meeting George Lundberg later in the States 
and during a subsequent visit together one summer in the Lebanon 
mountains. His interest, advice, and encouragement have been 
the chief stimuli in making this study. 

Stuart C. Dodd 

Beirut, Syria 
August, 194-1 
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Chapter I 

SCIENCE AND SOCIOLOGY 

I. PURPOSE OF THIS VOLUME 

Our working hypothesis is, that it is possible with our present 

m 

knowledge to begin constructing a quantitative systematic science 
of sociology. This volume presents evidence towards verifying 
this hypothesis. To the extent that readers judge the evidence 
to be adequate, the hypothesis will be positively verified; to the 
extent that the evidence is judged to be unsatisfactory, the hy- 
pothesis will be disproven or at least remain unproven. 

The postulates underlying this hypothesis have been ably de- 
veloped in Professor George A. Lundberg’s companion volume, 
Foundations of Sociology. We proceed to build on these scientific 
points of view in offering definite technics towards further de- 
veloping Sociology as a science. As the fundamental issues 
have been discussed by him, we shall try merely to state tersely 
in this chapter, the purpose of this volume, without further dis- 
cussion of the philosophical and scientific issues involved. To 
make our purpose clear, our notion of the four terms “science,” 
“sociology,” “quantitative,” and “systematic” will be briefly 
stated before proceeding to present a theory, or system of classifi- 
catory concepts and notation, towards accomplishing this purpose. 

■ II. THE CONCEPT OF SCIENCE (IN THIS VOLUME) 

A. The Function of Science 

Science is seen as a means of human adjustment. It is a body 
of technics, ranging from the very particular to the most gen- 
eralized, by which man can make those adjustments in himself 
or in his environment which he considers to be more satisfactory. 
This continual process of adjusting can be more analytically de- 
scribed as composed of (a) understanding, (b) predicting, and 
(c) controlling phenomena. Insofar as we understand phenomena, 
can predict their future occurrence, and can control them as we 

3 
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desire, we are able to adjust well in our environment. This triple 
function of science begins with increased understanding, proceeds 
to predict best that which we understand most, and goes on, as 
far as possible, towards changing such phenomena as we desire. 

In order to test the S-theory presented in this volume by these 
three functions of science each function will be analyzed into its 
constituents. Thus our understanding of phenomena depends 
in large part upon the concepts whereby we deal with phenomena 
and upon the system, weaving those concepts together. The con- 
cepts must be operationally defined, as far as possible, in order 
that their degree of precision-to-ambiguity and their degree of 
mutual-exclusion-to-overlap in meaning may be experimentally 
measured and better concepts progressively developed. The ob- 
jectivity, the parsimony, the precision, and the comprehensive- 
ness of the sociological concepts, almost two hundred in number, 
which b-theory thus defines towards improving our understanding 
of societal phenomena will be reviewed in Chapter XII. 

Here the reader is notified that these three functions of science 

to understand, predict, and control — will be the standard by 
which this, or any other, theory should have its scientific utility 
appraised. Chapters II-XI inclusive present evidence. Chap- 
ter XII summarizes this evidence to enable the student to ap- 
praise the utility of the S-theory for science. 


.o. ine content oj Science 

ce the possible adjustments in the universe seem innumer- 
o man s limited span of attention and memory, it is expe- 

■ to ctanfy them, dividing them op into related subfields 
we call the several sciences (see S. 5, Ch. II) By sne 
* thus, we adjust to the vastness of the total problem of 


vss, p r - * -w tt 

A science is the knowledge derived by the 
Tl* method, not the content, defines the body 
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of knowledge as a science. Any kind of knowledge — astronomical 
or astrological, chemical or alchemic, psychological or phrenolog- 
ical, sociological or proverbial — may become a science by applying 
the scientific method to the phenomena that are its subject 
matter. In these terms, “science” in this volume denotes sensory 
data that have undergone a process of being recorded, systema- 
tized, and verified. Each of these steps in converting sensory 
data into a science, requires some qualifying, lest brevity of 
statement breed misunderstanding. 

C. The Scientific Method 

The general steps of the scientific method have been variously 
described. In primitive form, they are Dewey’s analysis of prob- 
lem-solving (Ref. 11) into (1) a felt difficulty, (2) its definition, 
(3) suggestions for solution, (4) their implications, and (5) deci- 
sion and trial of one suggestion. We shall summarize the steps 
in more rigorous scientific work under the four headings of Prob- 
lem, Observation, Systematization, and Verification, as a gener- 
alized and somewhat over-simplified pattern from which there 
are many variants. 

1. The Problem 

Scientific work begins with some problem, be it a question to 
be answered, an hypothesis to test, an instrument or technic to 
be developed, or a field of phenomena to explore. In rigorous 
work the problem will be carefully formulated in words or other 
symbols, its limits specified, its terms defined. This we attempt 
to do in this volume, first in stating our working hypothesis as 
the possibility of constructing a quantitative systematic science 
of Sociology, and then in expounding each of those specifications. 

2. Observation 

With the problem or field of investigation defined, the next 
step is to observe all the relevant phenomena to get all the perti- 
nent facts. These observations are sensory data, which are then 
interpreted and related to previous sensory data. Instruments, 
whether microscopes for bacteria, or schedule cards for societal 
trends, extend our senses, enabling us to observe phenomena to 
which our naked senses are insensitive or inadequate. 
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The operational procedure, what to do first, second, and third, 
is just as important a part of observing as are the material instru- 
ments. The instructions as to how to proceed in analyzing the 
unknown chemical substance, in finding a child’s intelligence 
quotient, or a community’s hygienic rating, are essential to the 
accuracy of the observations. Furthermore, the observations to 
be facts, must be objective, not subjective ones, i.e., they must 
be in a communicable form and agreed upon by different ob- 
servers. An item of observation becomes a fact at a given tim e, 
in proportion to the percentage of competent observers who agree 
upon it, i.e., who respond similarly to that stimulus-situation. 
Recording facts tends to increase their objectivity, as well as 
preserving them in order that they can be tested by reobserva- 
tions and communicated to others. Recording also cumulates 

the facts into a growing body of knowledge which is the basis of a 
science. 

This step of collecting the relevant facts has been taken in the 
study reported in this volume in the form of collecting graphs, 
tables, maps, diagrams, and other quantitative sets of data from 
the literature of the social sciences during the past twenty years 
Some fifteen hundred sets of such data were taken as a sample 
of quantitative facts which any systematic theory must fit and 
organize into some sort of unity. Three hundred of these sets of 
data, which we shall refer to as societal situations, are recorded 
m his volume as a sample of the facts to be systematized by some 


3. Systematization 

•n* fact, ® then summarized. Many particular items are 
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b. A statistical index 

This is a numerical concept, a summary of many numbers in a 
single number defined by its computational formula. 

c. A classification 

This is an arrangement of concepts in a hierarchy, in which a 
concept is subdivided into classes and these into subclasses (see 
S. 5, Ch. II; S. 1, Ch. Ill; S. 2 and S. 10, Ch. IV; S. 1, Ch. IX). 
Every frequency distribution is a classification in which the 
classes are varying amounts of one concept, rather than qualita- 
tive subclasses. 

d. A statement of a generalized relation 

This may be static or functional, and either descriptive or 
causal. If unverified this may be an hypothesis; if positively 
verified and of utility for prediction and control of phenomena, 
it is called a scientific law, e.g., the law of gravity, Engel’s law, 
that the proportion of family income spent on necessities tends 
to vary inversely with the size of income (see S. 47, Ch. X, for 
a crude presentation), the law of sampling, that accuracy of pre- 
diction varies with the square root of the size of the sample (Eq. 
14, Ch. IX). 

Obviously scientific laws, which are a brief, exact, and idealized 
statement in a mathematical formula of a relation that is true 
under specified conditions, vary from such highly exact state- 
ments as those about the planetary orbits, to probability state- 
ments, as in actuarial insurance. Both deserve to be called laws, 
provided the attendant conditions and degree of probability are 
specified sufficiently, so that predictions of the future can be 
made within known limits of error. 

The generalized relation may be a causal principle such as 
that the typhoid bacillus under specified conditions will cause 
typhoid in a person, or that violation of a group’s mores will cause 
action, i.e., stimulate a response, to preserve its mores under 
conditions of the violation being a maximal one and the particular 
mores being maximally valued in the absence of other restraints 
upon the group. (“Maximal” is here defined as greater than two 
standard deviations above the mean on the appropriate scale.) 
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Generalized relations are of many kinds and no classification of 
them is attempted here beyond a remark or two intended to 
amplify our notion of systematizing as a step in the scientific 
method. 

e. A theory, or system of concepts and generalized relations 

This is an orderly and internally consistent organization of all 
the facts and their generalizations in some limited field. Thus 
the S-theory, which is proposed in this volume, is an internally 
consistent organization of about a dozen symbols for expressing 
in generalized form many of the concepts of Sociology, for ex- 
pressing a rigorous classification of all quantitative sociological 
facts by means of operationally related statistical indices, and 
for increasing the precision of whatever quantitative generaliza- 
tions can be made with our current all-too-inadequate data. 

Generalizations are sought because our human capacity for re- 
sponses is limited to a far smaller number than the milli ons of 
stimuli and situations in the world about us. But proportionally 
as we can generalize these into classes their number is reduced 
nearer to our capacity and we can adjust to a larger proportion 
erf existent and potential situations. This is the psychological 
reason why science seeks laws. If the adjustment capacities of 
people were not finite, adjusting to a billion different particular 

situations would be as possible as to a thousand classes of situa- 
tions. 


But generalizations hold only under specified conditions and 
m may vary. This means that generalizations are related in 
Item Hence, to use them, we need to know those patterns 
i this is what a theory, a system of generalizations, aims to do. 
jrabohzes a set of interworking generalizations so that our 

S Th^rv Pmll fl ion ’ ^ontrol of the phenomena covered 
that theory may be more ademmto 
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Generalizations related and combined into a oirc+ 0 , 

or imaginary, and may meet the pragmatic test 
to predict and control phenomena, in nmr ^ ^ mg 

■h® and perfection. Verification + I degree between 

degree of truth, the percents of , step of determining the 

’ Percentage of perfect prediction and control, 
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given by a generalization or by a theory. How adequately does 
this theory work? The final step of a cycle of scientific work 
answers this question and, of course, thereby formulates a prob- 
lem for another cycle of scientific work, in trying to improve the 
adequacy of that theory or of a substitute one. 

There are definite technics of verification in great variety in 
every science. The fundamental method, to which more specific 
technics contribute, is to try predicting and controlling phe- 
nomena by deductively applying the generalization (or system 
of them) to particular situations. If these bacilli cause typhoid, 
injecting them into this person will give him typhoid. Inject 
them and see if the predicted typhoid results. If maximal viola- 
tion of maximally valued mores stimulates a group to respond 
by eliminating the violator with a specified probability, then, in 
the next hundred violations observed, elimination of the violator 
must follow in the percentage given by that specified probability. 

Whenever the conditions, i.e., characteristics of a situation, 
can be varied separately by human effort, a crucial experiment to 
verify a theory is possible. Whenever the conditions vary but 
cannot be fully varied, i.e., controlled by human effort, statistical 
selection may be possible in order to isolate characteristics or sets 
of them, and so test a theory. In either type, together with inter- 
mediate variants, a deductive prediction is made from previous 
generalizations as to what further observations should be, whether 
of the manipulated or of the selected sort. The degree of agree- 
ment between these predicted observations and subsequent actual 
observation of the situations as they transpire is the climax of 
the verifying process. 

The verification, however, includes more than a final testing 
of generalizations. It includes as corollaries, technics which verify 
the previous steps and contribute to verifying the final result. 
Thus, the observations must be verified by repeating them with 
different observers and instruments, at differing times and places, 
and under other differing conditions. Determining the reliability 
and limits of the observations is part of the verifying process. It 
establishes the facts. 

Under the systematizing step, verifying may include deter- 
mining the objectivity of the concepts and of the classification 
in the hands of different scientists. Thus a pioneer, controlled 
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experiment to determine the objectivity ^ 
classification provided by a sociological theory is reported m 

Chapter II. 


5. Operational Definitions 

An important technic towards verifying is to give definitions 
in operational terms. Sociologists are still wedded to definitions 
in descriptive terms, which do not enable another party to dup 1 - 
cate the thing defined. A definition which tells what to do first, 
second, third, with specified materials, in order to get the thing 
defined, is for science as far superior to a mere description of its 
properties as a kitchen recipe for making a cake is superior, if one 
wants to get a cake , to a literary eulogy of its color, texture, and 
delicious taste. Thus, u competition may be described and 
evaluated by adjectives such as “selfish,” “cutthroat,” “capital- 
istic,” “ individualistic struggle,” etc., but we define it opera- 
tionally as the process measured by calculating the standard 
deviation of percentage gains and losses of a desideratum, V , com- 
peted for among the competitors, P, in a period, T (see Eq. 47a, 
Ch. X). This is our model for defining all the two hundred odd 
terms for Sociology and for the social sciences generally in this 
volume. Such definitions enable another investigator to verify 
more exactly whether the phenomenon that is defined exists as 


Reliance on operational definitions has the result of so radically 
rearranging the traditional content of a textbook on Sociology, 
as to lead to dismay among many professional sociologists. Such 
readers will look over the graphs in this volume, for example. 
These graphs are classified by the operation of the exponent into 
the quantic classification, the degree of perfection of which will 
be expounded and experimentally measured in Chapter II. But 
as the graphs will not be grouped around familiar rubrics of 
“delinquency,” “the family,” “rural communities,” “culture,” 
and the like, they will seem to those readers to be grouped very 
heterogeneously. Such readers are warned that operational prin- 
ciples are the first demand of pure science, their application to 
human problems is technology and should be reserved for a later 
stage. We deal in this volume with human characteristics first, 
then with the operational combination of these with people, de- 
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fining plurels and distributions, correlations of characteristics in 
patterns, and interrelations of people, each as defined by an, 
operational formula. Then spatial and temporal principles in 
ecological and dynamic situations are studied as specified by their 
calculational formulae of densities, velocities, and accelerations 
of change. Finally any combination of these principles can be 
applied appropriately to any given societal problem or field. 

This is what every mature science does. Physics textbooks do 
not study “thunderstorms” all in one place. The principles of 
sound waves in thunder will be studied where sound is studied 
with operational technics for such phenomena whether mani- 
fested in thunder or in an oratorio of the Messiah. The principles 
of electric charges are elsewhere grouped and the principles of 
light in another section, regardless of whether it occurs in light- 
ning or in a searchlight. These principles may be combined to 
explain the thunderstorm as a whole, or they may be combined 
by the engineer to build a subway. But the principles are best 
studied as grouped by similarity of operation, not by content of 
application. Sociologists are still too much interested in social 
work, in immediate application of theory to societal situation, to 
realize fully that a longer perspective requires putting aside appli- 
cations and first building up a body of several hundred concepts 
and principles which are operationally defined by their statistical 
form (i.e., formulae) and general to any societal content. This 
is what this volume attempts to do. But unless the reader grasps 
this operational point of view, he will misjudge the societal prin- 
ciples and their organization throughout the rest of this volume. 

Verifying of the systematizing step may further include check- 
ing statistical calculations, criticizing the formulae used, or the 
logic leading to the inductions or to the deductive applications. 
All this tends towards establishing the generalizations as truth, 
subject to the more final test of accurate prediction and adequate 
control of the phenomena generalized. 

The above sketch of our notion of scientific method is an over- 
simplification of a typical pattern. There are many variants in 
scientific work on particular problems. Years of work may be 
concentrated on one step as in perfecting an instrument or a 
technic of observing. A generation of professional discussion may 
be largely wasted on a sterile formulation of a problem, as in the 
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search to identify “instincts” in human Psychology. The sketch 
over-simplifies in that the four steps interwork and do not always 
follow the sequence as described above. A problem may , and 
usually does, become better formulated as observations and tenta- 
tive systematizing go forward. The systematizing redirects the 
observer to collect further facts with better technics under other 
conditions, etc. Each of the steps may fertilize and influence the 
others in complex ways. Their intellectual isolation for discus- 
sion, however, is useful to make each step more definitely crystal- 
lized, communicable, and open to critical improvement and eval- 
uation by fellow scientists. As an exposition of scientific method, 
this sketch is far too brief. However, the many implications and 
issues involved in its somewhat dogmatic statements have been 
more fully dealt with in Lundberg’s companion volume, Founda- 
tions of Sociology. Therefore, a mere outline is presented here to 
suggest the premises upon which the theory is based in the suc- 
ceeding chapters. 


Ill, THE CONCEPT OF SOCIOLOGY (IN THIS VOLUME) 


Sociology as the science of society, where, by “society” is meant 
the whole of human life, needs further restricting else Sociology 
would be simply the total of the social sciences. In practice, 
the content of Sociology is operationally defined by the studies 
published by sociologists, such as the members of the national 
sociological associations. For a conceptual summary of this field 
Sorokin’s definition (Ref. 66, p. 760) usefully draws the boundaries 
around three mutually complementary fields of knowledge. 


seems to be a study, first, of the relationship and correlations be- 
tween various classes of social phenomena, (correlations between eco- 
^mmand religious; family and moral; juridical and economic; mobility 

S S ? ° n); Second > that between the social 

(geographic, biological, etc.) phenomena; third, the 

generaJ chara< * enstics common to all classes of social 


three delimited fields, the third is our chief concern 
systemate Sociology. The first field of border zones and 

■ betWee “ “ ore than one > but less than all, of the social 
f a partial step towards the third area of studying “the 
characteristics common to all ^ • i r 6 
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ena.” This last will be our working definition of Sociology. The 
general characteristics of time, place, people, and the many other 
characteristics of people and of their environment will be the 
subject matter of our sociological system, regardless of whether 
these general characteristics appear in economic, political, reli- 
gious, educational, recreational, medical, or other traditional 
classes of social phenomena. We do not thereby exclude the first 
two subfields from the general field of Sociology. 

The general theory of the science of Sociology should be the 
system of generalizations which are general to all societal phe- 
nomena and so to all the social sciences, and should not be limited 
to any one or pair, or triad of them. This does not mean that 
Sociology is a synthesis of all the social sciences in the sense of 
including the content, principles, and approaches of them all. 
Each has its own. Sociology is viewed here as one of the social 
sciences and as concerned with the greatest common denominator 
of the others, i.e., with what is common to them all, neglecting 
what is specific to each. Thus, processes of co-operation, accom- 
modation, conflict, and competition occur in economic, political, 
religious, recreational, or other fields of societal phenomena, and 
hence belong to Sociology by our definition. Similarly, such con- 
cepts as association, differentiation, density, isolation, contact, 
interaction, group, plurel, culture, progress, forces, and control, 
are common to all classes of societal phenomena. 

Along with Sociology the related terms “society,” “societal,” 
and “social” need defining as to their usage in this volume. 
“Society” will denote human beings living together. Ordinarily 
as a collective noun it will connote the whole of living humanity. 
In the plural it denotes humanity at different periods or large rela- 
tively self-sufficient portions of it. “Group,” “plurel,” and 
“community,” will be used with more exact definitions (as spec- 
ified in Chapters VII and VIII) for portions of humanity, while 
“society” will be used as a looser, broader, but more convenient 
term for people-in-association without specifying how many 
people or how much association. “Societal” will be the adjective 
meaning “of, or pertaining to, associated human beings.” It will 
be consistently used in place of “social” which will be discarded 
(except when quoting from current literature), because “social” 
denotes non-human as well as human phenomena, and because it 
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has become laden with many diverse and irrelevant connotations 
such as, “pleasant fellowship,” being “extroverted,” “fashion- 

?? etc. 1 

In connection with defining Sociology the reader should be 
informed at the start that the theory developed in this volume 
may transcend Sociology as defined and be applicable to any or 
all of the social sciences. The twelve distinctive concepts of this 
theory can be developed for the specific content of any of the 
social sciences. The emphasis in this volume, however, is to de- 
velop these twelve distinctive concepts to fit the facts and con- 
cepts current in the sociological literature. 


IV. THE CONCEPT OF “ QUANTITATIVE” 

(IN THIS VOLUME ) 

A third specification of our working hypothesis after “Science” 
and “Sociology” was that our systematies of Sociology was to be 
quantitative. At first thought the distinction between the quali- 
tative and the quantitative seems obvious, but there is a contro- 
versial border zone through which we propose to draw an exact 
boundary. 

A continuous development of increasing precision in human 
observations can be described from observations that are quali- 
tative, such as “white,” “woman,” “intelligently,” and “co- 
operating,” to their quantification in some way, as in degrees 
of whiteness, femininity, intelligence, or co-operation. Briefly, our 
theory of precision in measurement (which is elaborated with 
symbolic notation in Chapter III) is that human observation 
typically begins with distinguishing and naming a quality. Its 
presence or absence then makes that quality a variable, varying 
between two points, “all” and “none.” Finer differentiation 
follows as m the use of the comparative and superlative degrees 
for any adjective or adverb as suggested by such terms as “more,” 
most, ‘less,” “least.” Qualities can be quantitatively com- 

P®**?* 8 ™ eq '^. an y ^ts have been discerned; as when 
we judge that Miss X is less beautiful than Miss Y, or that W is 

2 n F T ranttag tte deerees ot rektiTe amounts 
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ardized units. Many phenomena occur with such obvious units 
as to be readily counted and expressed in cardinal units with little 
or no intellectual labor to define the standard unit. Cardinal 
series, in turn, are further refined in precision by calibrating them 
in various ways as described in Chapter III. In this series of 
steps from the purely qualitative to precise quantities of the quali- 
tative , 2 we draw the boundary fine between the qualitative and 
the quantitative where the constant with only one value becomes 
a variable with either of two values — all or none. The presence 
or absence of a qualitative entity is conventionally assigned numer- 
ical values of unity or zero, and this becomes a primitively ob- 
served quantity. Every percentage that has ever been computed 
is an arithmetic mean of such an all-or-none quantity — a fact 
which should assure such all-or-none variables being included in 
the category of the quantitative. 

There is no attempt in this scheme to lump ordinal scales, such 
as attitude tests where the step-interval between statements of 
attitude may be unequal or unknown, with cardinal scales, to 
give an impression of exactness which has not been achieved in 
fact. On the contrary our S-theory explicitly provides separate 
notation for ordinal and for cardinal series in order to clearly 
classify quantified series into varying degrees of precision in 
quantification. 

This theory of measurement , 3 in addition to delimiting “the 
quantitative,” serves to define a societal dimension — the theme 
of this volume as suggested in the title. A quality, as long as it 
remains unchanged, can be thought of as a point. It is just some 
one thing, representable geometrically as a dimensionless point 
in societal space. A point is not quantitative in itself; but let 
that point be taken along with another point and immediately 
these two points determine a line. Let the second point, for 
reference, be an easily ascertained one, such as the absence of 
that quality (which is the same as its presence in zero amount). 
The presence and the absence of the qualitative entity are two 
points determining a linear dimension. Other points may be 
unobservable but can be inferred to be possible . 4 Thus, when the 
frequency of occurrence of such a quality in some specified uni- 
verse is observed, the percentage of actual to possible occurrences 
specifies an intermediate point between complete absence and 
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complete presence. Next, observing that quality in ordinal series, 
as more or less of it, specifies further points and intervals on that 
dimension. Finally, cardinal units specify equal and interchange- 
able line-sects which can be laid off end to end along that dimen- 
sion and counted to measure lengths along that dimension, i.e., 
quantities of that quality. One can count the units, from any 
given point as origin, in either of two directions along the line 
that visualizes a dimension — hence, the name di-mension. A 
dimension may be roughly thought of as a line, or more exactly 
as a linear magnitude. A societal dimension represents some 
societal qualitative phenomenon either in its primitive form as a 
point (relative to a zero point which is its absence) or as a line 
with distances along it specified with any degree of precision. 
The direction of the line can represent (as will be elaborated in 
later chapters) the quality, the kind of phenomenon, while its 
length represents the quantity, the amount of that phenomenon. 
These directions and lines can be combined by addition, subtrac- 
tion, multiplication, etc., by the rules of geometry applied to 
societal dimensions as well as to physical dimensions. 

A societal dimension, then, may be roughly thought of as any 
societal phenomenon whose amount is determinate at least to the 
extent of determining its presence or absence. It is any measur- 
able societal phenomenon. In its incipient (i.e., dimensionless) 
stage of observation it can be any observed societal phenom- 
wm whatever. ^ The fuller study of these societal dimensions, 
more specific definition, their classification in an orderly 
with operational technics for determining their num- 
; lengths, their directions, and their combinations, in any 
set of societal phenomena, is the central theme of the 
ensuing chapters. (For one example, see the general formula for 

number of dimensions in a situation given by Eq. 35, 
ill.) 

F« *n adequate exposition of the underlying postulates con- 
mssurement, units, and quantities in science, the reader 

)**“ Chapters “ L ™dberg’s Foundations of 
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iy men we mean the recorded observations of phe- 
He presfge and the utility of the exact sciences are, 
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in part, a result of increasing accuracy in observing and measur- 
ing their phenomena. The steadily increasing dependence of soci- 
ologists on instruments yielding tabulatable and quantifiable data 
and on appropriate statistical technics for summarizing and for dis- 
covering relationships in their data is a healthy progress towards a 
more exact science of Sociology and away from its earlier status 
as a literary and philosophical discipline. As a contribution in- 
tended to accelerate this development, the S-theory presented 
in this volume deals with that part of societal data which is quan- 
tifiable. The theory covers much that has not yet been quantified 
and it has far-reaching implications for qualitative data. But its 
express field is societal phenomena that can be observed and re- 
corded in quantitative form. It is thus limited to part of the field 
of Sociology — how large a part and how rapidly increasing a pro- 
portion remains for time to tell. 

Because the field of this theory is quantifiable societal data, 
the quantitative may seem to some readers to be overemphasized. 
This may be as inevitable as that a textbook on Psychiatry seems 
to overemphasize the abnormal and neglect the normal which is 
outside its specified field. The reader should be assured that the 
qualitative data is not to be underemphasized. All data is quali- 
tative in part. Upon the excellence of its qualitative analysis, 
classification, etc., the fruitfulness of all further treatment de- 
pends. Our contention is simply that to stop with qualitative 
data is to rest content with primitive, or incipient, observation. 
Qualitative phenomena need to be ever more accurately observed, 
yielding quantitatively -observed qualities, as science progresses 
towards its goal of more exact prediction and control. Swift 
insight, inspiration, and imagination discerning new qualita- 
tive phenomena are essential at the frontier of a science, but 
so are plodding mathematical logic, measurement, and checking, 
if the ground gained is to be consolidated and permanently held. 
Subjective insights and objectifying technics, in order to achieve 
and test those insights, must supplement each other. In this 
teamwork, the present volume aims to contribute more to the 
objective and quantitative aspects of Sociology in the belief that 
these have been underdeveloped hitherto. This will necessarily 
seem to limit this volume to a part of the entire field of 
Sociology. 
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F. THE CONCEPT OF A SYSTEM (IN THIS VOLUME) 

The fourth specification of our working hypothesis calls for 
clarifying our concept of a system. A system, as suggested above 
in our discussion of systematizing, consists of an interdependent 
set of generalizations, an organization, or pattern, of principles 
which condition each other. In the present study our system is 
built out of the symbols for twelve distinctive concepts (plus the 
four operations of arithmetic). The combinations and permuta- 
tions of these sixteen basic concepts will be shown to define by 
formulae more than four hundred derived concepts which sum- 
marize and comprehensively classify quantitative societal phe- 


nomena. 

This systematic theory is largely a methodological one. Four 
of its concepts deal with content, the dimensions themselves, in 
naming the kinds of societal phenomena. Four other concepts 
{the “scripts”) modify these in describing their number, pre- 
cision, and classificatory relationships. The other basic concepts 
are “operators,” stating the procedures by which the previous 
concepts are combined. The theory tells little of what relation- 
ships to expect between phenomena. One cannot solve for un- 
knowns from it without further data. The equation which spec- 
ifies it is a descriptive rather than a calculative one. It attempts 
to describe in operationally defined terms the situations as ob- 
served. It takes whatever data the observer records, good, bad, 
or indifferent, and describes in definite symbols the operational 
degree of precision of those data, tells how they may be classified, 
and prepares them in standardized and parsimonious form ready 
for further manipulation to discover deeper relationships in those 
data. The function of the theory is thus, largely, to improve 
methodology systematically, more than to immediately state a 
system of generalizations about the behavior of societal phe- 
wmena. It is a systematic way of expressing societal data, and 
not, directly, a system of the functionings of societal phenomena. 
It does not seem possible to deduce theorems and corollaries about 
phenomena from this theory alone. The theory simply converts 
Phenomena into a system of data; it expresses the recorded 
otervations of phenomena in a more orderly arrangement. 

The system here lies m our organization of data, in our arrange- 
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ment of concepts, and is not to be thought of as “in the phe- 
nomena.” The systematizing is a form of human response to 
s tim ulus situations and, as Lundberg has clearly pointed out, is 
not in the stimuli themselves. For this systematizing type of re- 
sponse to our environment the indispensable tool is the symbol. 
Symbols are signs enabling people mentally to manipulate phe- 
nomena whether present or absent, real or imaginary, past or 
future, few or many, well or ill understood, with greater power 
than if people were limited to responding only to phenomena 
which were currently stimulating their sense organs. 

The chief type of symbols is words. Language, especially 
when written, is the most flexible and complete symbolic system 
man has developed; but for scientific purposes ordinary language 
becomes inadequate. Symbols of greater precision and objec- 
tivity are required in building an exact science. In teaching 
Sociology, the unstandardized and variable meanings, the emo- 
tional connotations, the profusion of terms of overlapping mean- 
ing, are bewildering to the student . 5 The author’s experience in 
teaching, in English, students brought up in a dozen different 
languages, has emphasized the need of a more internationally 
standardized and precise symbolism. After ten years of experi- 
menting with different types of symbolism, mathematical nota- 
tion stands out in his experience as the most powerful, the most 
universal, and the most precise . 6 

To adapt mathematical notation to societal data the most useful 
branch of mathematics is statistics and an extension of matrix 
algebra. Since a matrix is any rectangular arrangement of num- 
bers in rows and columns, and since almost all quantitative data 
in the social sciences are, or can be, so tabulated, matrix algebra 
is a well-adapted tool. We have extended the notation of matrix 
algebra with one new operational symbol (the colon) and stand- 
ardized the scripts. The resulting system of sixteen symbols of an 
algebraic type has proved highly adequate to describe, classify, 
and manipulate quantitative societal data. The degree of this 
adequacy is evidenced by the fact that in our sample of fifteen 
hundred graphs, tables, maps, diagrams, - formulae, and prose 
paragraphs, or other sets of quantitative data, like the three hun- 
dred quantitative situations reprinted in this volume culled from 
the postwar literature of all the social sciences, we. have not been 
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° . f orm ula in terms of those symbols. One single irreducible 
to J be more valuable in challenging the adequacy of 

Sttm *ieh we have labeled the “^theory” (developed 
SfctapJer II) and in leading to its improvement, than a hundred 

sets that can be readily reduced to an S- orm a. 

Somewhat offsetting, however, the scientific advantages of a 
more adequate symbolism for Sociology and the social scienc 
the psychological disadvantage of the difficulty of learning a new 
language. Algebraic symbols are difficult for many people includ- 
ing a large proportion of the older sociologists, to learn and to use 
with facility. Over and above the inertia of mastering new asso- 
ciations, and the effort to form new conditioned responses, there 
is often a residual resistance, from early schooling perhaps, to 
algebraic manipulations. Inferiority feelings from unsuccessful 
hours in mathematics classes often leads to rationalizing^ that 
mathematics is all right for the exact sciences but is inapplicable 
to h uman , or to psychic, or to social data. Resistances due to 
these and other causes are to be expected and the proposer of new 
symbols must meet it halfway, first, by making the utility or need 
of the algebraic symbols very convincing to the reader, and second, 
by making the use of the symbols very clear and simple. This we 
shall try to do. 

To emphasize the need for better symbolism in Sociology let a 
few otter sociologists and students of scientific methods speak. 
We quote from Phelps’ excellent discussion of “Symbolic Soci- 
ology, n in his Principles and Laws of Sociology (Ref. 55) : * 


“It is safe to predict that sociology will be increasingly dependent 
upon the resources of a symbolic logic and a symbolic notation. Both 
of these supplements are necessary to the further study of its data as 
social relations or in the analysis of these data in harmony with the 
postulate of the interdependence of social wholes and parts. Lundberg 
has anticipated this need as an essential prerequisite to research in the 
soci&i sciences in Ms statement that a standardized system of symbols 
fe necessary if scientific facts are to be stated uniformly and intelligibly.” 
pdf. 45, p. 31.] 

* by penaisson erf Harold A. Phelps and John Wiley & Sons, Inc. 
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“ Symbols make two important contributions to science. They are 
the special instruments by which man has accumulated, stored, and 
transmitted knowledge. Through these human characteristics, man is 
distinguished from animals by the designation 'the employer of signs.’ 
The first contribution of symbolism is that human knowledge has its 
origins in signs, language, writing, and numerical systems. The second 
contribution of symbols is their aid to thought. 'Thinking/ says Eaton, 
'is activity, or rather the suspension of activity, through symbols.’ 
[Ref. 23.] Therefore, symbols perform the double function of developing 
and transmitting knowledge and of representing percepts (or real ob- 
jects) and concepts (or imaginary objects). 

"Whenever it is possible, as in mathematics, symbolic logic, and 
some of the physical and natural sciences, signs or formal symbols 
are substituted for words and the rules of grammar. In these fields, 
symbols have none of the subjective colorings of words. They are ob- 
jective and universal in their meaning. They have precise uses and uni- 
form interpretations. Furthermore, they are subject to verification and 
proof, especially when they are employed as formulae of repeating phases 
of reality. For these reasons, Young has concluded that 'the final arbiter 
of objective reality is the impersonal, non-emotional correlation of phases 
of reality expressed in symbols universally agreed upon.’ [Ref. 83.] 
Valid examples of such use, however, are ordinarily limited to small 
areas and brief periods of time. . . . Every advance in science, accord- 
ing to Ogden and Richards, may be described either as the substitution 
of some symbolic shorthand device for a previously accepted meta- 
physical concept or as the clarification of mystical and confusing ad- 
hesions to symbols. . . . According to Shipman’s conclusions, a sym- 
bolic sociology is both possible and necessary. It is possible whenever a 
science is concerned with (1) limited facts and relationships and (2) the 
acquisition and communication of knowledge. It is necessary because 
no science is better than its method of symbolic representation. More- 
over, literary symbols are wholly inadequate in the task of representing 
the multiple and simultaneous processes with which sociology deals. 
[Ref. 62.] 

"Consequently, a present task of sociological methodology is the or- 
ganization of a system of symbolic notation. This system must be a 
special sociological symbolism, adaptable to the particular nature of 
social phenomena, and needs not be an imitation of current develop- 
ments in mathematics or symbolic logic.” [Ref. 55.] 

The argument for the necessity of a system of more exact sym- 
bols in Sociology has been further developed by Lundberg in the 
preceding companion volume, especially in Chapter II. This 
chapter could well be quoted in full at this point in our ar- 
gument. 
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The resistance to new symbolism is as old as the history of 
science. Such resistance can be defended as a useful sieve which 
refuses to p ass unnecessary or ill-adapted symbols. To do this, 
however, the symbols must be studied before accepting or reject- 
ing them. The e xam ple of Thomas Hobbes is a warning. Wallis 
submitted his work on Conic Sections for Hobbes to criticize. 
Instead of describing geometrical figures and proofs in Latin sen- 
tences as had been the invariable custom previously, Wallis intro- 
duced the innovation of lettered diagrams for which students 
since his time may well be grateful; but Hobbes sent it back with 
the comment that he knew not whether the proofs were good or 
bad for it was so “covered o’er with the scab of symbols” that he 
would not even read it! (Ref. 5, p. 427.) It is to be expected that 
some sociologists will react to the present volume as Hobbes did 
to Wallis’ innovation, though opposition is more likely to be well 
rationalized and not so frankly based on the natural difficulty of 
learning something new. 

History also records instances, not of apathy, but of active 


opposition to improved symbols. One is the invention of the zero, 
which was first called a “cipher” from the Arabic word and con- 
sidered so cryptic (“Why name something that doesn’t exist?”), 
that it has left its impress after almost, a mille nnium on the English 
language, where, “to write in cipher” still means to write in an 
unintelligible language, i.e., to be “undecipherable.” In medieval 
Marseilles the growing use of the ten Arabic digits which brought 
us the decimal system was forbidden by a law which prescribed 
penalties for the merchant who might be reluctant to do his arith- 
metic “in plain and clear Roman letters.” 

To be sure, the oblivion of many proposed symbolisms may be 
an excellent thing for science. But equally obviously, when Soci- 

~~ ^f 5 a more exaet symbolism, a proposed system should 

died carefully to determine whether it deserves oblivion or 
memorizing for use. 

^addition to convincing the reader that better symbols are 

Sit' beco r e a more exaot 

eumbent upon the proposer of new symbols to 

fiv^r" f ciear as p ° ssibie - T ° wards this aim 

fivefdlowmg technics have been used in this volume : 

symbols have been parsimoniously adopted. Several 
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score have been eliminated as unnecessary, in the process of re- 
ducing their number to the sixteen basic concepts whose special 
cases and combinations yield all others in this volume. Of these 
sixteen only seven are new (-1; 

2. Familiar symbols have been preferred. Thus, of the sixteen 
basic symbols four are the familiar arithmetic operators of adding, 

subtracting, multiplying, and dividing (H X/), one is the 

exponent, and three are the letters T for time, L for length of 
geographical space, and P for the size of a population. All of our 
new symbols can be found on the keyboard of any typewriter. 
Neologisms have been almost eliminated. Even the half dozen 
archaic words revived here for technical use can be dispensed 
with by using less convenient phrases (such as ‘ ‘ quantified indica- 
tor” for “indicant”). 

3. Definitions have been explicitly given for every symbol, 
usually in operational form of an equation in which the right- 
hand member states the ingredients and the procedures to calcu- 
late the entity defined. A glossary and the topical index in the 
appendices enable one to turn to any definition conveniently. 

4. Illustrations have been liberally included. The three hun- 
dred graphs, appended to the next eleven chapters, illustrate 
many times over all the symbols and most of their compounds, 
while evidencing the extent to which this symbolic system fits 
the wide range of data in the literature of the social sciences. 

5 . Two levels of exposition have been provided, the main text 
and the copious footnotes. The more technical and detailed nota- 
tion has been relegated to footnotes which can be skipped by the 
reader who wants to understand the theory but is not trying to 
master it sufficiently to write formulae for quantitatively recorded 
situations. To use the theory fully the footnotes should be studied, 
but to comprehend it for a preliminary appraisal they can be 
ignored. Almost every algebraic formula is verbalized in a sen- 
tence following it, or in the “legend” alongside each of the 
three hundred situations (i.e., graphs, tables, etc.), so that any 
reader can, with some profit, read the entire text without having to 
read and interpret the notation if he so chooses. It is hoped that 
this device will enable the non-mathematical reader to read on and 
understand this systematic theory, while at the same time pro- 
viding the reader who grasps the notation with a correspondingly 
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greater power to analyze and synthesize the societal situations 
that are symbolized. 

The specifications have now been stated which constitute our 
working hypothesis, that it is possible with our present knowledge 
to begin constructing a quantitative systematic science, of .Soci- 
ology. A proposal towards such a quantitative systematics is the 
“S-theory” outlined in the next chapter and explored sector by 
sector in the following nine chapters (Chs. Ill - XI). The last 
chapter attempts a review, and an appraisal of the theory as a 
contribution to the science of Sociology . 

VI. NOTES 

1. For nine senses of the word social and for fuller discussion of these terms, 
“society” and “societal” see Eubank (Ref. 25, pp. 22-24 and 130-132) whose 
ddSnitions we adopt here. 

2 . Compare Thorndike’s dictum that “Whatever exists at all, exists in some 
amount” This basic postulate that everything qualitative is quantifiable, is 
more fully discussed with attendant implications in Lundberg’s companion 
volume on postulates, Foundations of Sociology. (Ref. 43, Ch. II.) 

3 . By measurement we denote the act of determining a quantity, i.e., the 
ascertaining of whether a qualitative response to a phenomenon is possible as 
well as the ascertaining of intermediate degrees or amounts of it. The essence 
of measuring is expressing in numbers. 

4 . This implies non-Aristotelian logic in asserting degrees of such Aristotelian 
laws of logic, as that “A is A,” “A is not B,” in seeing that A may shade off on 
a continuum into B so gradually that any boundary is a purely arbitrary con- 
venience and not inherent in the nature of A or B. For an exposition of non- 
Arstotelian logic see Ref. 36. 

An impressive exhibit of the lack of agreement upon even the major con- 
hi current use in the sociological literature, together with a list of some 
332 is occasional use, may be found in Ref. 25. 

& For an analysis of the levels of increasing precision (and generality at 
same time) of symbols from the verbal to the mathematical equation see 

dapit’g “levels of symbolic substitution” (S. 1 , Ch. XII) quoted and discussed 
ly Jjundberg (lief. 43, Ch. 5 ). 



Chapter II 
THE S-THEORY, 8 
1. EXPOSITION OF THE THEORY - 

A. Preliminary Statement of S-theory 

Towards constructing a more quantitative systematic science 
of Sociology, as specified in the previous chapter, a theory will 
be offered, which is outlined in this chapter and developed in 
the succeeding chapters. This theory, which will be labeled the 
“S-theory” from its most distinctive symbol, may now be stated. 
It generalizes societal phenomena in the statement : 

“PEOPLE, ENVIRONMENTS AND THEIR 
CHARACTERISTICS MAY CHANGE.” 

This obvious generalization becomes even more obvious if the 
time period in which the change is observed is prolonged. Phe- 
nomena that appear static usually are seen to change if observed 
long enough — over millions of years for geological changes, for 
example. The amount of change may vary from zero up. Com- 
pletely static or timeless phenomena, such as the mathematical 
equality 2 + 1 =3, represent the lower limit of change where 
its am ount is zero and it passes from the category of the dynamic 
to the category of the static. Both categories, however, can be 
included in an algebraic symbol which may represent zero just 
as well as any positive amount of change. To achieve such in- 
creased flexibility and yet increased precision, let the principle 
be stated in algebraic symbols. But first, the verbal formulation 
of this principle may clarify it, if formulated with somewhat more 
care than in the seven-word sentence above. 

Since our finite human minds cannot observe the totality of 
change of people, environments, and their characteristics, all at 
once, we have to observe it in portions or samples. Let any con- 
veniently observed portion of societal phenomena be called a 

“situation.” The record in quantitative symbols of such an ob- 

25 
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served situation will be denoted by the letter S and referred to 
as an "S-situation.” An S-situation may be thought of as any 
orderly set of societal data. It is any tabulation, graph, map, 
some diagrams, and prose paragraphs, which record societal ob- 
servations quantitatively (recalling that quantitatively, as defined 
in Chapter I, includes frequencies of mere “presence or absence ”). 
The three hundred S-situations appended to the chapters of this 
volume specify more in detail the meaning of this concept of a 
“situation.” The boundaries defining a "unit situation” will be 
more sharply drawn later on. 1 

A preliminary formulation, then, of S-theory, to be more rig- 
orously stated at the end of the chapter, is: 

"Any quantitatively recorded societal situation can be ex- 
pressed as a combination of indices of time, of characteristics of 

of space, and of population, 
modified by exponents, and by three other scripts specifying the 

land and number of classes, class-intervals, and cases of what the 
index denotes, and combmed by the signs for adding, subtracting 

Zd'ZTf^f'" 3 ' m •"**#**'>• correlating, 


The concepts m italics in this statement constitute the six- 
teen basic concepts of the theory presented here. Their varia- 

d^n^thT^T ““V Permutations will be systematically 

2“ ™ ume ; . Tie Of each of thei 

erneen concepts will be next explained in turn. 


B. The Indices of the Four Sectors 

1. Space 

Er.^cC«! b ^S e e C in° t u ^ onZth ’ 

•«£ — pS^s of allkinds ' expMtly 

mao-land ratio, all travel mW * environments. The 

kiad, the effects of geoeranhiV f ° r movin S about of any 
of culture, all involve geofLnfi- 00 ^ 1011 T & partiaI determinant 
% f0r thiS accurate re °ord- 

■ ta o,“Lfart TesSf “ -T, 0f the 

describing societal situa- 
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2. Time 

All societal situations exist in time as well as in space. All 
action, behavior, change, dynamic phenomena, involve the tem- 
poral aspect of our total environment, and most static phenomena, 
explicitly or implicitly, are located and exist in time. 

Of man’s total culture, science especially is concerned with the 
time dimension, since all its laws are derived from past experience 
of phenomena, and all its aim of prediction and control of phe- 
nomena concerns future events. The fundamental importance of 
the concepts of time and space in human adjustment is such 
that indices of time have been adopted here as a second funda- 
mental type of index for describing societal situations. The con- 
cepts of time and space have implications which may be perplex- 
ing metaphysically, but at the operational level of science they 
are readily understood and objectively determined by ins tr um ents 
such as clocks and meter sticks . 2 

3. Population 

A third fundamental type of index for describing societal situa- 
tions is one which marks off the social sciences from the physical 
and non-human biological sciences, namely, the human popula- 
tion. This is the one aspect of societal situations which is “com- 
mon to all classes of societal phenomena,” and therefore f ulfills , 
“par excellence,” our definition of sociology (see Ch. I). 

The population primarily means, in this volume, the n um ber 
of human individuals, regardless of age, sex, mortality, or any 
other characteristic of the individual or of the plurel of indi- 
viduals. Every person, or individual human being, is considered 
as equivalent to every other person in respect to being a carrier 
of characteristics. The amounts and kinds of these characteristics 
vary, of course, giving rise to all the observed individual dif- 
ferences between persons. This “pure” person, aside from his 
many characteristics, is never directly observed in society, but 
is a convenient abstraction, giving equal and objectively observ- 
able units of the population. By extension, the unit of population 
may be shifted from one person to one plurel, i.e., to a collection 
of persons. The population index in this case becomes the num- 
ber of such specified plurels instead of the number of persons. 
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Since all human groups (which are the distinctive subject matter 
of Sociology) are interacting plurels, it is obvious that indices 
measuring their number may be a fundamental aspect of any 
societal situation. However, whether the unit of population is 
one person, or one specified plurel, the index of population can 
be objectively determined by the operational technics of a census. 


4. Indicators 

The fourth sector, “characteristics,” is defined as the societal 
residue. Characteristics may be anything of, or pertaining to 
human beings, other than time, space, and the number of persons 
They include environmental as well as physiological and psychic 
characteristics. They may include especially all of human culture 
i^e, habituai human ways of thinking, acting, and the equipment 
used. This enormous field is more carefully specified in the classi- 
fication of indicators offered in Chapter III. The utility of such 
an inclusive concept will become clearer as one studies the graphs 
and formulae throughout this volume. • One feature of it is that it 
yields a perfect classification in the sense of fulfilling perfectlv 
the canons of classification, for with this definition the four sec- 

qu “ tifled societ “l phenomena, which 
Ktte field to be classified, and are also mutually exclusive cate- 
gmes with no overlap and with definite boundaries 

Since the term “characteristics” includes much that can onlv 

0 m" ; ndicators ' the "“ di - 

« objectively obsemble (nVwhich ^(Tsignstf 

fehiiss and states rfcomcioL^Thfob™ 1 ’ fT 7 indicate 

« in a thermometer indicates th“ “T* 011 

^ay Mcate the e« of tZ ** ^ Again ’ a 

Potion. Indicators may Lo , characteristic 

« the latter is ^definite 1, CharaC ~ 

number of sheep in this flock ’ d ° JeCtlVe form such 
the chief research nroblpm lo j- 
for intangible characterise “ ver or “vent indi- 

te advance is made; where it rem.^T 18 aolueT ed scien- 

’ “ remiuB ^“ve the study of that 
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field remains more of an art than a science. Since Lundberg has 
fully discussed this issue in his preceding companion volume, 
the scientist s faith is merely reaffirmed here that what is at 
present unachieved should never be considered as impossible of 
achievement. Negative proof is inadequate; positive proof of 
impossibility must be produced. To assert that certain charac- 
teristics are inherently so intangible as forever to defy reduction 
to objectifying indicators is the unscientific stultifying of science. 
To assert the possibility of developing such indicators is the 
only attitude which progressively leads to developing more and 
more of them. At a given date, however, the fact should clearly 
be recognized that some characteristics have objective indicators, 
others have none as yet, and intermediate degrees of objectivity 
exist. Hence, the distinction between “ characteristics” and 

indicators is essential; a characteristic may be anything one 
can name, an indicator calls for an operational specification of 

the degree of its reliability and validity in representing its charac- 
teristic. 

The fuller and more exact meaning of indicators, as well as of 
the other concepts of S-theory, are given by the three hundred 
graphs and their formulae in succeeding chapters. These consti- 
tute a more amplified definition of the concepts of S-theory. 

The sentences above are merely a verbal outline of their exact 

meaning. 

* 

5. SUBINDICATORS, E.G., “ DESIDERATA ” 

Each of the social sciences and social disciplines specializes in 
studying certain societal indicators and neglecting the myriad 
others that exist. Thus Economics deals chiefly with the mone- 
tary indicators of exchange values. Education deals largely with 
the indicators of children’s achievement in the activities and 
situations which our schools consider desirable. Every religion 
deals with indicators of desiderata which its devotees believe to 
be of supreme importance. So fundamental to many societal 
situations is this concept of “ desideratum/’ the object of human 
desire, that it is a major subtype of indicator. Such indicators 
may be of positive or negative desiderata, depending upon whether 
people behave so as to increase or decrease the object desired. 
Indicators of desiderata have diverse forms and contents in the 
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various social disciplines, but the concept of desiderata is general 
to them all. Indicators of desiderata, i.e., objects of human 
desire, are the objectively observed signs of what may be denoted 
by such current sociological concepts as "wishes,” "drives,” 
"motivations,” "wants,” “appetites,” “interests,” "fee lin gs,” 
“mores,” or other concepts connoting responses of approach or 
withdrawal. Generalized indicators of desiderata are an example 
of the contribution of this theory to Sociology, defined in the 
introductory chapter as “the study of the general characteristics 
common to all classes of social phenomena.” The four types of 
indices and their subtypes, such as generalized indicators of de- 
siderata, are claimed to be common to all classes of societal 
phenomena. 3 


6. Situations Summative Indices (I) and Aggregative 
Matrices, S 

The indices of time and space, population and indicators of 
many kinds, combine in various ways and in amounts varying 
from zero upwards in every societal situation. In general their 
ways of combining are two, namely, by summation in the broadest 
sense and by aggregation. Thus indices may be added or multi- 
plied together giving a product, a sum, or a mean. Multiplica- 
tion is but repetitive addition; subtraction is included in algebraic 
^Ation as the adding of negative numbers; division is a form of 

X ST on ^ such r indiees as index numbers and 

SS sme (matheml ™ lx* a unifying 

In aggregative combinations, on the other hand series of in 

1T2T 7 ^ S ‘ a ‘ WC - “ tabW 

variable, an indexf is the^Mirit^hT^ 176 comblI1!ltlon a 
^nation a collectivity of indices result’s h, 7 a ® greeatlve com ' 

* sib to, s hs s - j 2 - 

may be arranged as a matrix, which is anv SraplxS ’ 

meat of numbers in mwo a , S an ^ rec ^ an gular arrange- 

"Mtrices are sometimes imperfect" inT't ^ so f etl ‘ l data the 
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not recorded. Any index can be considered as the lower limit of 
a matrix which has but one cell in one row and one column, so 
that the matrix is the more general situation. 

An index, or combination of indices, presented as either a single 
index or as a matrix, will be called an S-situation. An S-situation 
is any unitary 4 recorded societal situation, or set of recorded 
societal phenomena, which can be quantitatively expressed. 5 
Each of the graphs, tables, pictures, paragraphs, or formulae in 
the three hundred figures in this volume is an S-situation (except 
where two are explicitly grouped) . All these define S better per- 
haps than the sentence above. An S-situation may be thought of 
as any series of societal statistics. It includes time series and 
dynamic phenomena as well as static phenomena. Because of the 
static connotation of the term “situation,” its use is not alto- 
gether satisfactory, but none of the alternative terms, such as 
“societal development,” “societal set of data,” “societal ma trix,” 
“societal statistics,” or “societal pattern,” seem much freer of 
connotations that are unsuitable for the purposes of this vol- 
ume. 

It is convenient to call each of the four types of indices com- 
posing a situation, a “sector.” A situation then is analyzable 
into the temporal, indicatory, spatial, and populational sectors, 
each sector having any number of indices of that type. 

7. Symbols 

The concepts of “situations” with their constituent “indices” 
modified by “scripts” and interconnecting “operators” will be- 
come more precise if expressed in general symbols. Such symbols 
avoid the irrelevant connotations, often emotional, which words 
have acquired and promote the objectivity of definition and 
mental manipulation demanded by science. They represent phe- 
nomena with greater parsimony, and parsimony is a fundamental 
function of science. They facilitate mathematical treatment with 
its resulting rigor and precision of reasoning. 

Let T denote time, the length of a period, or the n um ber of 
units of a duration (e.g., conception-to-birth, a transatlantic pas- 
sage, 10 years, 4 working days, 5 generations, etc.). 

Let I denote an indicator of some characteristic. Indicators 
may be qualitative or quantitative. The particular characteristic 
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denoted and its amount, or its units, will be specified by its scripts 
as explained below. 

Let L denote the number of units of physical length (e.g., inches, 
kilometers, fathoms, etc.). The scripts specify the type of unit. 

Let P denote the number of persons in a population. The char- 
acteristics identifying the persons, or the population, are expressed 
by indicators (or in condensed form, as explained below, by the 
scripts attached to the P). P will denote a population of plurels 
as units only when explicitly so symbolized by a script, as stated 

below. 

Let (I) denote an index which combines by summation (as de- 
fined above) one or more components into a single variable (e.g., 
an average, a ratio, an index number, a correlation coefficient, a 
density, or other compounded statistic). 

Let (I') denote any particular one of the indices denoted by 
the capital letters T, I, L, or P. This will be called the “homo- 
sectoral index,” whereas without the prime the index may com- 
bine more than one homosectoral index from several sectors and 
thus be a “heterosectoral index.” 

Let S denote a matrix , or aggregation of indices (e.g., a table, 
a graph, or other unitary collectivity of statistics which can be 
expressed in matrix form, including the special limiting case of 
the matrix with one cell when the matrix becomes a single index) . 
Thus homosectoral indices are the limiting case or simplest type 
of matrix. S then includes any aggregative or summative com- 
bination of indices. The S-situation is the gross unit of observa- 
tion of societal phenomena developed in this volume. This gross 
unit of observation is analyzed into patterns of its indices with 
their finer units in each of the four sectors. These indices, when 

resynthesi zed according to their appropriate S-formulae, give the 
Situation again. 

C. The Four Scripts 

Tiiraiag from this introductory exposition of the indices, the 
second sentence of the preliminary statement of S-theory which 
deals with the scripts will be explained next. 

Eroty index may be modified by four types of scripts, one type 
a* each «f its four comers. The scripts are ordinarily symbolized 
by small tetters of the same kind as the capital lettered index to 
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which they are attached. (Thus: jTj, SIS, ’Lj, £P£.) These four 
scripts are: 

the exponent — (the post-superscript) | *, I 1 , I 1 , | p , 

or in general | s 

the class script — (the post-subscript) | t , | „ |i, | P , 

or in general | s 

the class-interval script — (the pre-subscript) t |, >|, i|, P |, 

or in general s | 

the case script — (the pre-superscript) ‘|, '|, *|, p |, 

or in general s | 

A preliminary notion of each of these in turn, both in general 
and as applied to each of the four sectors, will be attempted next 
with more rigorous definition and illustration in the succeeding 
chapters. 

1. The Exponent, | 8 , Denoting Self-Multiplication 

The exponent in mathematics denotes the number of times a 
factor is multiplied by itself. A negative exponent means that 
the factor, or base (raised to the power indicated by the expo- 
nent), is in the denominator of a ratio. Thus: 6 


(I) 3 

= (I) X (I) X (I) (Eq. 

la, Ch. II) 

(I) 2 

= (I) X (I) 

(Eq. 

lb, Ch. II) 

(I) 1 

= (I) 

(Eq. 

lc, Ch. II) 

(I)° 

= (I) /(I) - 1 

(Eq. 

Id, Ch. II) 

(I)- 1 

= 1/(D 

(Eq. 

le, Ch. II) 

(I)- 2 

= 1/(I) 2 

(Eq. 

If, Ch. II) 


Of the fifteen hundred graphs of societal data thus far analyzed 
all but two or three have exponents within the range of +3 to 
- 2 . 

a. Spatial exponents: L 1 = L°, L* 1 , L ±2 , L ±3 (Eq. 2a, Ch. II) 

Situations which involve a physical or geographical length 
may have this represented by some index of length with an ex- 
ponent of plus one, L +1 . If the situation expresses some other 
index relative to a length, as in a fare of a certain number of 
dollars per mile, the length is a divisor and is so denoted by an 
exponent of minus one. (See Eq. le, Ch. II.) 
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Recorded situations such as maps and ecological diagrams 
which involve areas are symbolized by an index of length with 
an exponent of two. In the population density, or man-land 
ratio, the population is divided by an area 


PL~ 2 (Eq. 3, Ch. II) 

a population density 

where, as usual in mathematics, the division is denoted by a 
negative exponent. The sizes of this ratio and its factors dis- 
tinguish urban from rural communities (as discussed more fully in 
Ch. VIII) and can divide Sociology into Rural and Urban subfields. 

The remaining class of spatial situations involves volumes of 
some kind which are symbolized by an index of length cubed. 
Thus the gallons per capita of city water supply, or the cubic 

feet of room space per occupant, would be described by the ratio 
of a cubed length to a population, thus: 


-LJ X 


/ 


a volume per capita 


» vuiLLiuu per capita 

Situations involving no physical space may be represented by a 
spatial exponent of zero. Strictly this represents a dimensionless 
space a point m geometry, while an exponent of one represents 
a^ensional space, a line; an exponent of two represents a 

SPaCe ’ a ? area; and aQ exponent of three ^pre- 
sents a three-dimensional space, a volume. But length with a 

further modified by a aero ^ 

below) symbolizes a situation without spatial di 
mensions, a non-spatial set of data.* * P 

i- Temporal exponents: T* = T 1 , T°, T' 1 , T~ 2 (Eq 5 Ch II) 

" t *** ° f somethto 8. 

working dav nr fL { institution, the length of the 

Zto ,S, dUrati °" ° f in a 

. wnxien with an exponent of nlus rmp nr ™ ~ , 

K wntten, mathematicians always understand that the exponent 

1 and 2 ’ Ct : n, and all 8^^ 

itj of any societal change SS^ BtitiD8 the veloc ‘ 
of that change is divided by the length of mdex , of , 1 the amount 

* For E®. 2b-g. Ch. H, see notes at end of £ c ^ WhlCh the Chan S e 
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went on. Dividing by a variable is mathematically expressible 
by a negative exponent. The velocity of change of some index 
then is symbolized by (I)T -1 . Consequently, T -1 becomes the 
symbol for any change in time as it is the essential and invariable 
factor, whether implicitly or explicitly expressed, of every situa- 
tion involving change in time. To be sure, in the situation as 
recorded, an amount of change may be stated without stating 
the time period in which it occurred or the consequent time rate 
of change, but this is simply incomplete recording. Implicitly, 
if a change occurs, it has a time rate, regardless of whether the 
rate is variable or constant, determined or undeter min ed. The 
boundary as to when to describe the time dimension as a duration 
(with T +1 ), or as a change (with T -1 ), is somewhat arbitrary, and 
a rule for it is discussed in detail in Part V, Chapters IX and X. 

For illustration, let a very simple situation be specified, as 
“persons forty years of age.” This situation is symbolically 
described by the formula: 

T +1 : P (Eq. 6, Ch. II) 

Here T +1 represents the duration of life to date, and P represents 
the number of persons corresponding to that age. The colon is 
the symbol denoting this relation of correspondence (as ex- 
plained more exactly below). 

To illustrate change, consider the simple situation specified as 
“2,000,000 miles of airway flown last year.” This s im ple but 
quantitatively recorded societal situation is described by the 
symbolic formula: 

LT" 1 (Eq. 7, Ch. II) 

In this situation, L represents the length and T -1 represents its 
division by the time, yielding a velocity, or rate of change, in 
units of miles per year. Similarly, the process 9 of ear nin g a 
living can be measured by using dollars as the indicator, I, of 
earnings, and a year as the unit of time, T, giving the formula : 

IT" 1 (Eq. 8, Ch. II) 

The process of mortality is the number of persons dying per 
year as described in the similar formula : 


PT~i 


(Eq. 9, Ch. II) 
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'j’fjg process of changing tlie duration of the working day , as 
for example, decreasing it from 10 hours to 8 hours duration 
in a decade, would be similarly described : 

T +1 T _1 (Eq. 10, Ch. II) 

This simplified illustration denotes an amount of 2 hours’ change 
of duration (T+ 1 ) per decade (T -1 ). It states with algebraic 
generality the illustrative ratio of 2 hours/10 years, or an average 
rate of 12 min utes annually. 10 

The next class of temporal situations is that of acceleration of a 
societal change, described by an exponent of minus two (T -2 ). 
Whenever a change is being speeded up or slowed down the rate 
of change is being changed. In such situations there is a rate of 
change of a rate of change. This second-order change is accelera- 
tion or deceleration. It is mathematically denoted by twice di- 
viding the index (measuring the societal change) by time. Thus 
the number of divorces per year is a rate of change of marital 
status in the population studied. An increase from one year to 
another in the annual divorce rate is an acceleration. The for- 
mula describing this, or any other acceleration of a population 
rate, is most usually: 


T~i . pT-i 


(Eq. 11, Ch. II) 

an accelerating change 
of population 


acceleration of change will be seen in Chapter XI to be the 
distinguishing factor in every societal force, so that the formula 
for an acceleration becomes the basis for measuring political, 
economic, educational or other societal, forces. 

The above variation of the temporal exponent over the values 
+1, -1, and —2 describes dynamic situations involving ex- 
in tune. There remain the static, or momentary, situa- 
These are described by an exponent of zero, T°, as this 
drawtes a durationless point in time. The point may be identified 

2S75JTT Sfo "££. L b f ? - * 

\ I, lyas A.D., iz.Zo A.M., etc.), or it may be any 

pmnt as m such a dateless assertion as, “good is the 
of evil. Such dateless situations involve indices which 
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are irrespective of time and can be described by the for- 
mula: 

T° : (I) (Eq. 12, Ch. II) 

a dateless index, i.e., 
irrespective of time 

The subdivision of static situations into the instantaneous 
which exist at a particular moment and the timeless which exist 
at any moment of time, is specified by further scripts. 

The exponent is thus seen to classify situations into the static 
and the dy nami c, and subclassify the latter into the durative, 
the changing, and the accelerating. 

c. Populational exponents: P p = P°, P 1 , P -1 , P 2 (Eq. 13, Ch. II) 

Situations which do not involve any people can be described 
by a population index with a zero exponent, P°, in combination 
with a zero person script, as described below under case scripts. 
Strictly by Eq. Id, P° reduces to one person and is the field of 
Individual Psychology rather than of Social Psychology and 
Sociology, which deal with more than one person. But with a 
zero person script the population index is asserted to be non- 
existent in that situation and need not even be written in the 
descriptive formula. Thus the time periods of the earth in S. 1, 
Ch. II, and the classification of the sciences in S. 5, Ch. II, are 
two situations involving no population: 

(I) : °P° = (I) (Eq. 14, Ch. II) 

a populationless 
situation 

This situation is a record of an index with no specified population 
corresponding to it — a populationless situation. 

When a population, either of persons or of plurels, is specified 
in the situation as recorded, the homosectoral index, P +1 , written 
in the formula represents that population. When the situation 
is expressed in per capita units or other 'similar units relative to a 
population, it means that some index has been divided by a pop- 
ulation. This ratio is expressed by a negative exponent : 

(Eq. 15, Ch. II) 

a per capita index 


(I)P - 1 
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The exponent of 1, either positive or negative, identifies the class 
of situations involving a plurel, a human population. 

The third class of situations identified by. the populational ex- 
ponent is that of groups in the sociological sense of a plurel of 
interrelated persons. To show the structure of a group system- 
atically, arrange its members in a matrix as column headings and 
again as row headings, and in each cell enter the index expressing 
the relation between that pair of persons. The aggregate of all 
such relations constitutes the group, as demonstrated more rigor- 
ously in Chapter VII. This matrix has P 2 relations of one kind 
in the cells which are P X P in number. Hence the population 
index with an exponent of plus two becomes the symbol (along 
with other qualifying scripts) of a sociological group : 

P 2 (Eq. 16, Ch. II) 

a sociological group 

Thus, according to whether the populational exponent is 0, 1, 

or 2, the situation is classified as involving no population, plurels, 
or groups. 11 


d* Indicatory exponents: T = 1°, I* 1 , I+ 2 (Eq. 17 ? Ch. II) 

The large field of indicators of the myriad societal charac- 
teristics can be neatly classified by the indicatory exponents on 
the basis of the thoroughness with which those characteristics 
have been observed and recorded in the indicator. Character- 
istics may be observed qualitatively as attributes, or named kinds 
J? things; or they may be more thoroughly observed quantita- 
tively as amounts or degrees of such attributes; or finally, they 
may be still more thoroughly observed relationally, as correla- 
10 ns o quantified attributes, measuring their interworking pat- 
terns. An attribute can be symbolized by an indicator with an 
exponent of zero (and a class script to be described below, spec- 

indkL™ q T llty ‘ ^ exp . onent of one represents a quantitative 
mdicator. An exponent of plus two represents correlated indi- 


A^ro exponent means unity (see Eq. Id, Ch. II) of whatever 

g is denoted by the class script. A zero exponent 
reduces the character; +„ ;+ ,. ei ° exponent 

into quantity « PUre quabty ^differentiated 
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15 = an attribute, a unit quality (Eq. 18, Ch. II) 

I+i = a variable quantity of some quality, an amount of an 
attribute (Eq. 19, Ch. II) 

For an example, consider a qualitative sensation such as the 
color blue. This attribute can be more thoroughly observed and 
classified into degrees by such diverse units as those of physical 
frequency of light waves, chemical proportions of standardized 
pigments, or psychological just-perceptible-differences of either 
hue or saturation. Similarly, a qualitative attitude such as “hate” 
can be more exactly observed and classified into degrees of hatred 
by means of a verbal attitude test, or some other standardized 
scale of behavior items. Further examples of varying complexity 
and varying thoroughness of observation of societal character- 
istics are given in graphs S. 5 and 6, Ch. II, and the S’s of Chap- 
ter III. 

This principle, that the qualitative and the quantitative can 
both be represented by one symbol, I, and distinguished by ex- 
ponents of zero or greater, will be referred to as our attribute 
hypothesis . It is one of the most far-reaching and fruitful hypoth- 
eses in the system of hypotheses that is the S-theory. As will be 
seen in more detail in Chapter III, it adds a large section of 
qualitative phenomena to the quantitative phenomena for which 
mathematical technics have proved such a powerful tool in 
science. 

Thus by logical extension of the usual rules of mathematics, 
addition, subtraction, multiplication, and division of qualities 
by each other and by quantities, become possible. For illustra- 
tion, addition of qualitative phenomena consists in following a 
classification table upwards, so that a class is the sum of its sub- 
classes. In S. 5, Ch. II, Science is the sum of the five classes of 
science, each of which is in turn a Siam of its subclasses. 
For qualitative division, see S. 14, Ch. II, where a pictorial 
analogies type of intelligence test illustrates an equation of ratios 
of qualities. Multiplying a quality times a quantity is modifying 
or “qualifying” the quantity. Thus a population, P, if multiplied 
by the attribute negro (1°), gives the product I°P = a negro 
population. This extension of the logic underlying mathematics 
to qualitative indicators is further developed in Chapter III 
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and throughout this volume, but is briefly noted here to suggest 
the far-reaching importance of the use of the indicatory exponent 
of zero. 

The third stage of thoroughness of observing societal charac- 
teristics is represented by an indicatory exponent of plus two 
which symbolizes a correlation in some form. ‘The typical opera- 
tional definition of correlation is the Pearson product-moment 
formula for computing the correlation as a precise coefficient. 
This formula involves multiplying two indicators together (when 
each is converted into standard deviation units) and averaging 
the products. It is thus a mean of the products of two quantified 
characteristics. In vectorial algebra this is called the scalar prod- 
uct and denoted by a heavy dot. This symbol is used in S-theory 
to denote correlation, which is a particular type of multiplication. 
(Later it will be shown that this scalar product is more general 
than the ordinary arithmetic product, which is but the limiting 

case of scalar products.) Therefore, the formula for correlation 
is: 


17 A • 17/ 


/ n 


q. un. iij 

a correlation of indicators 


p 


where the primes in the subscript denote two different indicators 
such as, for example, the intelligence test scores and the monetary 
incomes of the persons in a plurel. By the usual algebraic rule 
toat, to multiply, the exponents are added (see Eq. 1 Ch IT') 
ia Eq. 20 the indicator is raised to the second power (neglecting 
smpts other than the exponent) and is symbolized by: § S 

(Eq. 20b, Ch. II) 

a correlation (considering 
exponent scripts only) 

Sr ? 1 .,* 0018 socki « 

relationships of phenomena and for ena- 

correkWs ^°™ degrees of Probability. To the degree 
be*** ll m T n *“ other phenomena 

r P ^“r es P r po “ y weu 

ilM>roughly observed whpn th * i ^ enoiIierLa are most 
— owerved 1 when .then correlations, the patterns of 

mth other phenomena, are observed and 
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Thus it is seen that the three indicatory exponents of 0, 1, 
and 2 serve to classify the multitude of societal characteristics 
into the qualitative, the quantitative, and the correlated, which 
are seen as three degrees of increasing thoroughness of man ’s 
responses to his environment. 12 ’ 13 

e. The quantic formula and the quantic number, | s 

In discussing indices with various exponents it is convenient 
to use the terms: 

“Nullary” to denote any index with a zero exponent, (I)° 

“Primary” to denote any index with one as exponent, (I) +1 

“Secondary” to denote any index with two as exponent, (I) ±2 

“Tertiary” to denote any index with three as exponent, * (I) ±3 

The first step in analyzing any societal situation, S, is to deter- 
mine the exponents in each of the four sectors. The formula for 
S which specifies only the indices and their exponents and neglects 
the other three scripts is called the quantic formula, as quantic 
is the term mathematicians use to denote the degree of an equa- 
tion. 14 When the quantic formula is written as a four digit 
number, specifying the exponents in order I** 1 ®, it will be called 
the quantic number. This is denoted by the symbol | s , which 
means the aggregation of the exponents of matrix S. 15 

gs _ T*;I i ;L l ;P p = the quantic formula of S-theory 

(Eq. 21a, Ch. II) 

|» = |*W;p = the quantic number classifying societal situations 

(Eq. 21b, Ch. II) 

The quantic number is the heart of the S-theory. It serves 
to classify every S that can exist into a single, definite, unam- 
biguous category according to its combination of indices and 
exponents. The quantic number thus provides a thoroughgoing 
basis of classification for all quantifiable societal phenomena. This 
assertion that every quantified societal situation can be repre- 
sented by a quantic number is our “quantic hypothesis.” 

The utility of any classification is relative to some purpose 
and no classification is perhaps useful for all purposes. The 
claim made here is, that for the purposes of a systematic science 
of Sociology, the quantic classification is a fundamental one. It 
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msy come to pl&y & role for tti.6 social scioncos corn.pRrs<bl6 to 
the classification of the chemical atoms in Mendelyeev’s periodic 
table. Evidence as to the validity and utility of this quantic 
hypothesis will occupy most of the space of subsequent chapters. 
The titles and sequence of these chapters follow the categories 
of this quantic classification. The quantic classification can be set 
forth in a table. 16 (See pp. 42 and 43.) 

/. The quantic table, classifying societal phenomena 

In this table expanding the quantic formula, the main columns 
classify the temporal indices as nullary, T°, primary, T* 1 , and 
secondary, T* 2 , or into static situations, change, and acceleration, 
i.e., forces, respectively. The three main rows classify the popula- 
tional indices into a nullary row, P°, where population is absent; 
a primary row, P* 1 , dealing with characteristics and changes of a 
population; and a secondary row, P +2 , dealing with the interrela- 
tions to each other of all the persons in groups. The indicatory 
indices, instead of being represented properly in a third dimension 
by miliary, primary, and secondary pages, are arranged as three 
subrows giving qualitative, 1°, quantitative, I +1 , and correlated, 
I +s , characteristics, respectively. Finally the spatial indices, which 
are properly a fourth variable needing a fourth dimension, are 
represented by subdividing the time columns. For simplicity, 
however, only the static column of nullary time is subdivided, 
and it is subdivided only for area, L ±2 , as simple length and vol- 
ume, L* 1 and L xS , are of much less frequent occurrence in societal 
situations. 


The cell entries state the quantic numbers which classify any and 

every quantified societal situation into some one cell (or to a group' 

(4 adjacent cells if it is a composite situation ) . 

(tte columns headed “Typical Descriptive Formulae” may 

be ignored at present until explained further on in the section on 
Hie otter scripts.) 


•ff ■7 h ° 1 tJ able * ows m ordcrl y Progression from greatest 

— 0 Pie, Xi T* a r,nflary 0 uan t> c in the upper left corner (|* 
-« W) to greatest complexity with a sixth degree quantic in 

(l ' " 8;2;0;2) wUch - if Ore length com- 
K,*'* represented, would be a ninth degree quantic 
r $2?). As will be more fully explored in Chapter III, 
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this roughly is the progression in human thinking which started 
with primitive observation of qualities, moments of tim e, and 
individuals (e = 0) ;• progressed to observing quantities of these 
with ever increasing precision and range (e = 1); and finally, 
with modern science, is progressively reducing their relationships 
to measurement (e = 2). The diagonal zones running from lower 
left to upper right show a progression, which is perfect in the true 
quantic solid, both in absolute size of the exponents and in num- 
ber of sectors from none to all four. These zones, marked by the 
dashed lines and named in the last column, are imperfectly repre- 
sented on a plane such as the table on pages 42 and 43. 

The forty-five cells shown in this table are misleading in that 
the space components are imperfectly represented. The n um ber 
of cells, i.e., quantic classificatory categories, that are of common 
occurrence, is eighty-one. This allows for exponents of 0, 1, or 2 
on each of the four components (3 4 = 81). If the rarer situations 
with exponents of three were included, the number of possible 
categories would be two hundred and fifty-six (4 4 = 256), but 
for most of these categories no phenomena belonging in them 
have as yet been observed. They are readily conceivable, and 
with the progress of quantitative research in the social sciences 
they may be expected to be reported in the literature in the future. 
This table specifying their properties may even serve as a stimulus 
to their discovery. For example, the quantic number 8;2;0;2 
identifies a change in the correlation of two dynamic traits which 
exist only as interrelations between pairs of persons, such as 
husband and wife. Such a situation has never been reported in 
the social sciences as yet for lack of adequate instruments of 
observation, but its properties are predicted by this quantic 
number. 

The topics in the fourth column of the table are the chief 
concepts naming the commoner combinations of sectoral indices 
and their exponents. ' Those in capitals will be the headings of the 
ensuing chapters of this volume. The chapter sequence starts 
from the most elementary situation (| s = 0;0;0;0) and cumulates 
indices down the static column in developing Indicators I 0 -* 1 , 
then, adding population in Part III, Plurels P* 1 are developed, 
then Distributions I +1 P +1 (with social problem plurels as a minor 
subclass), then Correlations I 2 P ±1 , analyzing the pattern of char- 
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acteristics, and next Interrelations D" 2 P"^, analyzing the patterns 
of human groups. Then taking up the columns from left to right, 
the space index is explored in Part IV in static situations, T°; 
ri, ti*o p P j ts definition of density delimiting rural and 

urban Sociology. Next, Part V takes up the time index beginning 
with Change, T* 1 , in its slower Duration form, T +1 , and in the 
form of Processes, T -1 . Accelerations, T -2 , are then taken up 
with their chief subtypes of societal Forces, T _2 IP, and societal 
Control, T~ 2 IP 2 . 

Further exposition of the exponent script will be deferred to 
later chapters. The above notion of its importance in providing 
a complete and rigorous classification for quantified data in 
the social sciences is perhaps adequate for the preliminary study 
of this chapter opening up the whole of S-theory, before exploring 
its ramifications section by section. The other three scripts will 
be explained next. 


2. The Three Aggregative Scripts = “ Descripts” = ®| 8 

(Eq. 22, Ch. II) 

The three scripts other than the exponent are aggregative, 
that is, they denote the number of entities that are collected 
together and can be arranged in a matrix, such as ordinary statis- 
tical tables. Because of this co mm on property, a term to dis- 
tinguish them from the multiplicative exponent script is conven- 
ient and the archaic term “ descript” is here revived for te chni cal 
purposes, connoting that which describes.” A descript symbol- 
izes the number and kind of a set of aggregated, i.e., separately 
listed, entities. 


a. Class scripts: (| t ;|i;| l ;| p ) = |. (Eq. 23, Ch. II) 

The post-subscript, which wifi be called “class script,” spec- 
ifies the number of aggregated indices of a specified kind or 

class m the situation analyzed. Thus, if the situation is a college 
population tabulated into classes as: 


500 Freshmen 
400 Sophomores 
350 Juniors 
300 Seniors 


= P 


p 


this simple matrix (denoted by enclosure between 


(Eq. 24a, Ch. II) 

illustrating plurels, 
i.e., populational 
classes 

double lines) 
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of four rows and one column is symbolized in S-notation by a 
population index, P, denoting the number of persons in each of 
the classes, | p , which in this illustration are four classes of college 
students. If, next, this population were recorded as classified by 
sex in a matrix of one row and two columns: 

Men Women 

1 1 860 690 1 1 = P q (Eq. 24b, Ch. II) 

a second letter (by convention, the next letter in the alphabet), 
as class script, would denote these two sex classes. Here | q de- 
notes two sex classes and P is a variable with two values, namely 
860 and 690 persons. Since the classes of a population are called 
plurels in Sociology, the populational class script can be thought 
of as a “plurel script,” representing the number and nature of 
the plurels. 

To give an example of a two-dimensional space in the space 
sector, the class script symbolizes the number and nature of 
areas. Thus the matrix of ecological data of a city’s zoning would 
be symbolized as follows: 


Residential 

zone 

17 square miles 

Business 

zone 

6 “ “ 

Industrial 

zone 

2 “ “ 


(Eq. 25, Ch. II) 

illustrating regions, 
i.e., areal classes 


where L 2 denotes the area (here in units of square miles) in each 
of the |i regions, i.e., classes of area (here three urban zones). 

In the indicatory sector the class script symbolizes the number 
and nature of the indicators in the situation as recorded. Thus 
in a study of national trends at some date the indicators collected 
in the record might be: 


Cost of living index number 105 
School budget index number 108 
Pages of print index number 112 
Party in power Democratic 
Labor legislation Wages and Hours 

Bill passed 

Weather Drought season 


= Ii 1 ’ 0 (Eq. 26, Ch. II) 

illustrating indica- 
tors, i.e., classes of 
characteristics 


Here the indicatory class script (or “ indicator script” as it may 
be conveniently called) represents six different indicators of 
societal characteristics of which the first three are quantitatively 
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recorded) and are so denoted by the exponent of 1, and the last 
three are qualitatively recorded, and are therefore so denoted 
by the exponent of 0. This matrix of order 6 X 1 (6 rows and 
1 column) could be sectioned, or split, into two matrices, each of 
order 3x1 with their respective formulae of It 1 and I®, where 
|i = 3 and |j = 3. 

In the temporal sector, the class script symbolizes the number 
and nature of the different sets of units used for measuring time 
in the recorded situation. Thus the length of the working day, 
measured in hour units, could be symbolized by T t , while the 
series of years for which such data are recorded could be sym- 
bolized by T u (and more precisely specified by the further scripts 
of primes to be expounded below). 


In sum, for all the sectors the class script tells the number 
and the kind of the different dimensions in the societal situation 
as recorded. According to whether the letters are t, i, 1, or p (or 
letters immediately following these in the alphabet), the dimen- 
sions are of the temporal, indicatory, spatial, or populational 
types, i-e., sectors. The symbol | s denotes the class scripts in all 
four sectors; it represents the aggregation, or pattern, of the four 
homosectoral class scripts, as specified in Eq. 23, Ch. II. Recall 
that a d i m ension, visualizable as a geometric line, means any 
quantity of something and includes the primitive two-point dimen- 
sion of the presence-or-absence of that some thin g 

Mm ,i In Pi 

The capital letter primary index to which the class script is 

attached states the length along each dimension in some sort of 

units.. The exponent asserts the number of times a dimension of 

one kind is repeated in multiplying it by itself. (The properties 

2 Jr® essential and class script types of dimensions will be 

dBfangmdKd below when describing the geometrical interpreta- 
tion of S-theory.) 


° f daSS SClipts in more implicated situa 
tote the following: 

th T 816 Sk indicators of “tome status,” i.e 
~ 0f ^ mdicatory type of index (U = 6). In S. S 

Ol II, there are two time indices as timA ic /%i QC , *-g j • ± 

«ys: as boras of the worths Z “JT Cta f ed m tw 
(l = 9) Tn Q nl TT g day ’ and as years of a centur 

ways-^once int « ^ H \ °f population is classified in tw 
mt0 38 mtlonal classes or plurels; and again int 
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21 religious classes. Here there are two indices of the population 
subdivided into 59 indices (| 2p + [ Sq = 59). In S. 9 the map 
of New York State shows two classes of area and two classes of 
lines, i.e., there are two secondary indices (Lf =2 ) and two pr imar y 
indices (Lj l 'i 2 ) . Of the areal classes one is subclassified into counties 
and another into 10-mile strip and non-strip subclasses. The 
two linear classes are those of boundaries and of roads, which 
are subdivided into three subclasses. 

These illustrations show clearly that a situation may have 
more than one index in any one sector. Since scripts are ordi- 
narily homosectoral, i.e., attached to indices of the same letter, 
either the letter of the script or of the index serves to specify 
the sector. The symbol | s denotes the aggregation, or pattern, 
of class scripts in the four sectors. 


b. 


Class-interval scripts: (t| Ji| ,'i 



e 


(Eq. 27, Ch. II) 17 * 


The pre-subscript is used in S-theory to specify the number ' 
and nature of the aggregated class-intervals, or the series of 
equal units, in which the index is expressed. Thus the series of 
periods (which are class-intervals of time) 


0-19 years 

20-39 

Cl 

40-59 

Cl 

60-79 

Cl 

80-99 

Cl 


(Eq. 29, Ch. II) 

illustrating periods, 
i.e., temporal 
class-intervals 


are represented in the formula by t |, representing five periods, and 
T, representing twenty years, so that their combination is an 
aggregation, or series, of five twenty-year periods. This is an 
essential part of the formula for any time series, such as tables 
or graphs of societal change, population pyramids, etc. 

The class-intervals of quantitative indicators 18 are illustrated 
by any frequency distribution. For example, consider a distri- 
bution of socio-economic status as measured by the Chapin- 
Leahy scale. If the points of score, I, were grouped into class- 
intervals of one half a standard deviation (.5a) each, and if the 
range were six sigma, there would be twelve class-intervals. 


♦For Eq. 28, Ch. II, see notes at end of the chapter. 
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— 3<r — 2.5 <t —2<r — 1.5<r — 1(7 —.5(7 0 .5(7 

Mean 


i i i i i 
1(7 1.5(7 2(7 2.5(7 3(7 



(Eq. 30, Ch. II) 

illustrating a scale 
of indicatory 
class-intervals 


In this graphed matrix of order 1 X 12 (1 row by 12 columns) 
the symbol ij, represents the 12 class-intervals, and the indicator 
I represents the number of units, .5a in each, so their combina- 
tion J represents the complete scale which is an aggregation, or 
series, of class-intervals of specified size and number. Wherever 
no grouping of units is made the unit is identical to the class- 
interval. Thus the class-interval script may be used to specify 
the unit. 19 

For the spatial indices the class-interval script s imilar ly de- 
notes the number of aggregated quantitatively equal and inter- 
changeable class-intervals or units which may be line sects if the 
index is L 1 , or areas, if the exponent is L 2 , or volumes, if the ex- 
ponent is L 3 . Note that the class-interval script, like the other 
descripts, denotes an aggregation not a sum; it represents the 
series of separate class-intervals, not a single number expressing 
their total extension; it requires a tabulation, a frequency distri- 
bution, a graph, or a map to show the several class-intervals col- 
lected together, whose aggregate is symbolized by the descript. 
Thus the formula for a foot rule of twelve inches is : 


ijj 


(jjq. oia, V_/H. J.1J 

illustrating a linear 
scale, i.e., linear 
class-intervals 


vans 

which is general to any line, straight, curved, or irregular, sub- 

vided mto equal sects. The similar formula for an area graphed 
by coordinates in equal units is : 


lL+2 (Eq. 31b, Ch. II) 

illustrating an areal 
scale, i.e., areal 

i •! _ class-intervals 

of ,rei6ht> botaes ot »■* 



(Eq. 31c, Ch. II) 

illustrating cubic 
class-intervals 
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In the populational sector, the class-interval script conven- 
iently denotes the number and nature of the plurels of equal 
size which are the class-intervals, or the units, in which that 
population is measured. Thus a survey may take the family as 
the population unit, and consider all families as of the same size, 
i.e., as representable by the average sized family. The formula 
for any such survey using families, athletic clubs, church congre- 
gations, or any other plurels, as the unit, is: 

|| a list of interchangeable plurels || = p P (Eq. 32, Ch. II) 

illustrating plurel units, 
i.e., populational 
class-intervals 

In sum, the class-interval script specifies an aggregation, a 
series of qualitatively identical and quantitatively equal sub- 
divisions of the index to which it is attached. The class script 
in contrast specifies an aggregation of qualitatively different sub- 
divisions of its index. The class descript describes qualitative 
subclasses; the class-interval descript describes quantitative sub- 
classes of one quality. The class script tells the number of dimen- 
sions, and the class-interval script tells the number of subdivi- 
sions along one dimension. 

This unifying of periods of time, class-intervals of scales meas- 
uring miscellaneous societal characteristics, line sects, unit- 
areas, unit-volumes, and unit-plurels, all under one higher order 
concept and symbol, s |' (the homosectoral class-interval script), 
is a useful device furthering the scientific aim of parsimony, 
which is to standardize fewer responses to an ever increasing 
number of diverse stimuli, and thereby, to increase finite man's 
adequacy of adjustment to his multiform environment. All the 
sixteen basic symbols of S-theory which are here being expounded, 
perhaps in such detail as to bore some readers, have this eventual 
aim of parsimony as their justification. 

c. Case scripts: ( t |; i |; 1 |; p |) = s | (Eq. 33, Ch. II) 

The pre-superscript in S-theory specifies the n um ber and nature 
of aggregated specific cases, or points, on the index which it modi- 
fies. This is best clarified by again discussing each sector in turn. 

In the time sector, the case script specifies the dates, which 
are points in time. It is therefore referred to hereafter as the 
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“date script.” Thus a series of financial statements, or any other 
data, observed on a series of dates, such as : 


July 1, 1930 
July 1, 1931 
July 1, 1932 


__ t'p 


(Eq. 34, Ch. II) 

illustrating dates, 
i.e., points in time 


would be symbolically represented in part by the date script, 
‘| (here *| = 3), on the temporal index, T, which specifies the time 
interval between each pair of successive dates. (T in *T is thus a 
variable with t - 1 values.) 

In the indicatory sector, the case script specifies particular 
points on the scale measuring some societal characteristic. Thus 
a mean, a standard deviation, the limits of the range, are points 
c omm only specified by this script. A set of tests with their 
lower and upper limits can be symbolized by: 


Lower 


Upper 

Test A 

48 

96 

Test B 

0 

50 

TestC 

120 

178 


a:2 Ii= i Ii (Eq. 35, Ch. II) 

illustrating limits, 
i.e., extreme in- 
dicatory points 


Here as usual, in place of the script of the same letter as its 
index, more specific letters may be substituted. The letters a and 
z are frequently used in S-theory to denote the first and the last 
limits within which data are presented. This is an essential and 
much ignored practice in the social sciences. JUany contradictory 
and confusing correlations and other findings are reported without 
specifying the limits of the variables, or recognizing that what 
holds true in one range may not hold true between other limits. 

The case script, in explicitly calling attention to the limi ts, should 
help to reduce such confusion. 


In the spatial sector, the point script specifies 

the number of points unlocated in space = T, 0 (Eq. 36a Ch. II) 

the number of points located on a line = 'L +1 (Eq. 36b ’ Ch. II) 

the number of points located in an area = 1 L +2 (Eq. 36c Ch II) 

the number of points located in a vol um e = ! L +3 (Eq. 36d Ch II) 

** **12 th6 . P0i f tS ° n a map > * L+2 > such as cities, stations, or 

qumt examples. 0 ^ '***** by tW ° co ' ordinates - are fre ' 
In the population sector, the 


case script represents a list of 
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identified persons, as a person represents a point on a populational 
dimension: 


Mr. Smith 
Mrs. Jones 
Mr. Black 
Miss Doe 


= P P 


(Eq. 37, Ch. TI) 

illustrating persons, 
i.e., populational 
cases 


In sum, the case script, or point script, specifies an aggregation 
of points on the index it modifies. 

For further examples of all the descripts, almost any of the 
situations appended to this and the other chapters may be studied. 


d. The sectoral S-formula: “(10* 

The detailed exposition of the four scripts in each of the four 
sectors may be summarized and more easily remembered in the 
following “sectoral S-formula” which states the symbolic form 
and the me anin g of each script in each sector, and in general : 


20 cases = 8 8 = exponent 

(I') = amount of the index 
class-intervals = 8 8 = classes (qualities) 


dates = * * = temporal exponent 

T = duration 

periods = * * = kinds of time units 

or 


s 

s 



points = ; 1 = indicatory exponent 

I = amounts of an indicator 
class-intervals = ! 1 = classes, or indicators 

or 

points = 1 1 = spatial exponent 

L = length 

quantitative = 1 1 = qualitative classes of 

subspaces space 


or 

persons = p p = populational exponent 

P = number of persons 
quantitative = p p = qualitative plurels 
subplurels 


(Eq. 38, Ch. II) 
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Before concluding the explanation of scripts and proceeding to 
the operational symbols, it should be noted that the notation of 
scripts developed here can be entirely consistent with the usual 
notation of statistics. By keeping capital letter scripts to specify 
indices and small letter scripts to specify matrices, all the usual 
formulae of statistics can be written in S-notation. S-notation is 
limited (as here defined) to societal phenomena, whereas statis- 
tical formulae are general to astronomy and other fields as well. 
Statistical formulae are more exclusively concerned with math- 
ematical forms, while S-theory combines these with sociological 
content, using these forms for building highly systematized con- 
tent. 

D. The Operators 

The preliminary statement of S-theory at the beginning of 
this chapter involved indices and scripts, combined by opera- 
tors. Besides the usual mathematical operators, +, — , X, /, 
which add, subtract, multiply, or divide the symbols before and 
after them, four operators, much used in S-theory, are the 
symbols denoting: (1) aggregating or subclassifying entities, 
(2) cross-classifying them, (3) correlating them, and (4) identify- 
ing single entities. These symbols are : the colon ( : ) , the double 
colon (::), the heavy dot (•), and the primes (' " /y ), respec- 

tively. Between them they extend to the peculiar needs of the 
social sciences the precision, logical consistency, and objectivity 

of the conventional mathematical operators with their operational 
rules. 


1. The Aggregating or Subclassifying Sign (:) 

Entities that are collected together into a set, but with their 
entities preserved, are called by mathematicians an aggregation. 
We adopt the colon as the sign of aggregating. Every statistical 
tabulation, every paph, is an aggregation. But aggregations are 
usually arranged in some kind of order such as a matrix (rows 
an columns) ; a hierarchy of classes and subclasses, as in a dia- 
gam of a family tree, an organization chart, or a tennis elimina- 

imniiTi^r+f’ ° r + v SPatial aTrangement ’ as in a map. This 
.W, w k KS “ an as s re e ati0n may themselves be 
broken down mto ssibaggregations, or conversely, that an aggre- 
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gation may become one entity in a larger aggregation. Thus a 
league of nations’ organization is an aggregation of nations, which 
are aggregations of states, provinces, colonies, or other subplurels, 
as generalized in the formula : 

Pp' : q: r (Eq. 39, Ch. II) 21 * 

illustrating a hierarchy of 
plurels, i.e., a popula- 
tional classification 

Here the population, P, is asserted to be of one particular 
plurel, | P ' (denoted by the prime), which is subelassified (as de- 
noted by the colon) into an aggregation of | q plurels, each of 
which is further subclassified (as denoted by the second colon) 
into subaggregations of | r plurels (where r has different values, 
q in number). 

This sign of sub classifying is used with all three descripts as 
well as between indices. Thus in the class-interval script, a cal- 
endar dividing a year into four seasonal periods and subdividing 
these time units into twelve months would be an example, sym- 
bolized in general by algebraic letters, as : 

t':u:wT (Eq. 41, Ch. II) 

illustrating hierarchy 
of regular time 
periods 

This formula is verbalized as, “There is one time period, t -T, 
which is subclassified ( : ) into a series of subperiods, u | in number, 
to each of which there corresponds (:) a series of subperiods, | w 
in number.” (See S. 1, Ch. IX.) Note that the colon can be put 
into words by such phrases as, “. . . each subclassified into 
. . .,” “each with corresponding . . .,” “. . . each with a sub- 
aggregation of . . ..” 

A frequency distribution serves as an example of the use of the 
colon sign between indices. Suppose the socio-economic statuses 
of a hundred persons were distributed as shown on page 56. As 
in Eq. 30, Ch. II, the symbol J represents the twelve class- 
intervals of the indicator. The colon asserts that for each class- 
interval there corresponds a population frequency, P. P is thus 
a variable having values, i| in number. Frequency distributions 
are one of the commonest forms of recording quantitative data 

* For Eq. 40, Ch. II, see notes at end of the chapter. 



56 


THE SECTORS OF SOCIETY, (I') 


[Pt.I 


* 


Class-Interval 

2.5- 2.9fr 

2.0- 2.4<r 

1.6- 1. Off 

1.0- 1.4cr 
, 5 - . 9 cr 

0- Aff 
-. 5 - — .la 
-1.0- -.6* 

— 1.5 l.lcr 

— 2 . 0 — — 1 . 6 ^ 
-2.5- -2.1(7 
—3.0 2.6(7 


Frequency 

0 

1 

4 
10 
21 
28 
18 
10 

5 
2 
0 
1 

100 


X I:P (Eq. 42, Ch. II) 

illustrating a fre- 
quency distribution 


in the social sciences, but hitherto statistics has lacked the nota- 
tion for symbolizing the distribution, apart from its indices, in a 

formula. 

Another illustration of the colon symbol which has proved 
the most useful symbol in all the S-theory is a set of time curves, 
such as the freight tonnage planned and achieved under the first 
R ussian Five-Year Plan (first three columns of S. 31, Ch. II) : 


Freight in Millions of Tons 



Planned 

Fulfillment 



1929 

165.0 

187.6 



1930 

1931 

185.0 

210.0 

238.7 

258.3 

= tT -1 : (I) i 

(Eq. 43, Ch. II) 

1932 

240.3 

267.9 


illustrating time 
series 


In this matrix formula, t | represents the four periods, each of 
one year (T), each with a corresponding aggregation of two 
(|t = 2) indices (I) of annual tonnage. 

Hie colon is seen from these illustrations to assert that the 
entity or entities preceding it are each subclassified into, or have 
8 corresponding subaggregation of, further entities as specified 
by the descripts following the colon. The colon asserts observed 
a^ooation of dependent entities on independent entities without 
nece^anly implying a causal, probable, or sequential relation. 22 * 
Its use is illustrated by almost every S-situation appended to the 
chapters of this volume. 

* For Eq. 44, Ch. II, see notes at end of the chapter. 
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2. The Cross-Classification Sign (::) 

Whenever the data are cross-classified rather than subclassified, 
the double colon will symbolize this. In a cross-classification 
neither variable is dominant or dependent; both are independent. 
The classification is reversible in that either variable can be con- 
sidered as subclassified by the other. A simple and important 
example is a correlation scattergram or frequency surface. Thus 
the cross-classification of countries by Olympic athletic scores 
and by mean temperature in S. 7, Ch. II has the descriptive for- 
mula: 

J : : il : Pp (Eq. 45, Ch. II) 

illustrating the double 
colon sign of cross- 
classifying 

This form ula is statable in words as that for each of the class- 
intervals, i| in number, of one indicator cross-classified with 
(::) each of the class-intervals, ,| in number, of a second indicator, 
there are corresponding (:) lists of plurels, | p in number, whose 
population is not stated (P) . 

Cross-classifying is an intermediate operational step between 
distributing characteristics separately and correlating them. (See 
also S. 12, 25, Ch. II; S. 1, 2, 3, 5, Ch. VI, and S. 1, Ch. XII.) 

3. The Correlation Sign (•) 

From a cross-classification such as a contingency table or a 
correlation scattergram, the tendency in that situation can be 
summarized in a single index such as the correlation coefficient. 
This coefficient is a mean of the products of the two indices 
measuring the characteristics (in sigma units) . In vector algebra 
such a product is called the scalar product and is symbolized by a 
heavy dot between the two factors, i.e., the two indices corre- 
lated. As this dot is also the conventional statistical notation in 
the multiple correlation coefficient, it is adopted in S-theory as 
the sign of correlation. Thus the correlation of temperature and 
athletic prowess (S. 7, Ch. II) is .65 and is stated with algebraic 
generality in the type formula : 

.1, • X, = r,„ (Eq. 46, Ch. II) 23 * 

illustrating the heavy 
dot as sign of 
correlation 

* For Eq. 47, Ch. II, see notes at end of the chapter. 
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Intercorrelation of variables, static or dynamic, is perhaps the 
most powerful quantitative tool the social scientists have yet 
developed for analyzing, measuring, and recording the inter- 
working patterns of societal phenomena. 

4. The Identification Sign 

A fourth basic operator in S-theory is the prime. When a script 
is marked with a prime, or is replaced by the prime for brevity, 
it means that the script is singular and identifies one particular 
entity. For example, 

P 'P„- = 'P, = one particular person in a particular plurel 

(Eq. 48a, Ch. II) 

illustrating the prime script 

£T = ;t = one specified date in one particular period 

(Eq. 48b, Ch. II) 

i'Li. = 'L? = one particular point in one specified area 

(Eq. 48c, Ch. II) 

(10 = one particular index, a homosectoral index either T, I, L, 
orP (Eq. 48d, Ch. II) 24 * 


E. Summary of S-theory 

|js| 

The foregoing exposition of the indices, scripts, and operators 
of S-theory may now be summarized in a verbal statement and 
in a generalized algebraic formula, with more rigor than in the 
ample generalization that “people, environments and their char- 
acteristics may change.” 

“1. Every quantitatively recorded societal situation can be 
expressed as a combination of indices of time (T), of space (L), 

of population (P), and. of the many characteristics (I) of people 
or their environment. 

2. Indices from these four sectors of societal data are modified 
by four scripts, namely, the usual mathematical exponent (| fl ) 
and three other scripts specifying the number and nature of their 
dmm (!*), class-intervals ( s |), and cases ( s |). 

“3. These indices and scripts are operationally combined by 

* For Eq. 49, CL II, see notes at end o! the chapter. 
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the usual signs for adding (+), subtracting (—), multiplying (X), 
and dividing (/), plus the signs for aggregating (:), cross-classifying 
correlating (•), and identifying (') particular entities.” 

This verbal statement is symbolically expressed in the algebraic 
formula : 

S = :(T;I ;L;P)g (Eq. 50 , Ch. II) 25 

algebraic statement 
of S-theory 

where the semicolon denotes any of the above eight operational 
signs for combining the indices, i.e., (; = + — x / : :: • ')• 

This Equation 50 is the answer to the question which provoked 
this volume, namely, ‘ ‘ Can a quantitative systematics of Sociology 
be constructed at present?” It is the general form ula specifying 
the system of which all the seven hundred or more statistico- 
sociological concepts and relations, defined in this study by equa- 
tions, are particular parts. Every formula and equation in this 
volume can be shown to be a special case of or a derivation from, the 
basic Equation 50 specifying the S-theory in algebraic symbols. 
Furthermore, every statistical tabulation, graph, map, formula, or 
other quantitatively expressed set of data in the social sciences, can, 
if this S-theory is true, be expressed as a special case of Equation 50. 
This is a very large claim. The evidence for it will occupy the 
rest of this book. 

This matrix Equation 50, like most of the S-equations in this 
volume, is a descriptive more than a calculative equation. The 
difference is important. In a descriptive equation one member is 
observed and defines the other member which is set equal to it. 
Thus here, the left-hand member, S, is not directly observed 
independently of the right-hand member. In a calculative equa- 
tion both members may be independently observable. If a term 
is unknown in the calculative equation, it ean be solved for. As 
many unknowns can be solved for as there are independent simul- 
taneous calculative equations. But in a descriptive equation 
the term defined is the unknown, and a second unknown in the 
same equation, taken alone, cannot be solved for. Defining con- 
cepts by descriptive equations based on objectively observable 
quantities is the first step, however, in manipulating them and 
discovering and testing relationships among the concepts. Such 
relationships are the most exact forms of that ^understanding 
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of phenomena enabling prediction and control,” which it is the 
function of science to achieve. 

II. UTILITY OF S-THEORY 

No sensible social scientist is likely to read this heavy scien- 
tific exposition, weighted with algebraic symbols, unless he be- 
lieves that it may be worth his while to do so. Consequently, 
before exploring the theory further in detail, and before marshal- 
ing the evidence as to the truth of the theory, some points as to 
its possible utility should be noted. Only if the theory bears 
promise of usefulness as well as truth is the reader likely to make 
the mental exertion of learning its new symbolic language. In 
discussing its utility, however, immediate application to remake 
society will not even be attempted. Rather, its uses in pure 
science will be sketched for making a better science which even- 
tually is likely to be useful to society in a more fundamental, 
though less immediate, way. In short, these utilities are of more 
interest to the sociologist than to the social worker, of more inter- 
est to the “pure” than to the “applied” scientist. 

The utility of S-theory may be conveniently summed up under 

the four headings of parsimony, precision, classification, and 
fruitfulness. 


A . Far simony 

. in the number of assumptions or concepts needed 

m a theory is a fundamental desideratum in science. Since the 
human span of attention is very limited, understanding the 
mynad phenomena about us progresses in proportion as we reduce 
m 1 ewer general classes, or actional uniformities called 

WS ' 1 ~f er f are twelve basi c concepts peculiar to S-theory, 

^ OP— 


5 S 

s s 


j •- , -Mother dozen of their commoner 

compounds and a few less used symbols, ((I) S V J a 2 * m I ? •) 

' d0! f i the symbols of mathematics 
smbinr *]i < j . ’ slL ® ce ^ or writing the formulae de- 

SZf f" ’““T 1 SOCletal situat « s - Thus, in the thirty- 

£rs 
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there are seventy-four terms used for indicators of various char- 
acteristics which are all subsumable under I. In a sample of 
five hundred graphs, an estimate has shown that some fifteen 
hundred different terms can be replaced for systematic purposes 
by the eight homosectoral indices and scripts, and their combina- 
tions. Of course, no absurd claim is made that the fifteen hundred 
terms can be thrown away and replaced by eight for all purposes. 
Just as a mean usefully represents many individuals and is 
useful for dealing with a group, although inaccurate when dealing 
with the individual, so a general class concept is parsimonious 
only in those respects in which it can be substituted for the mem- 
bers of the class. 

The sixty-one concepts recommended by a committee of the . 
American Sociological Society as standard content for the intro- 
ductory college course in Sociology can all be expressed in the 
twelve basic S-symbols, and a majority of them are thereby rede- 
fined in terms which can be measured (see Chapter XII for the 
list of these). 

The use of algebraic symbols instead of words is a further parsi- 
mony. A symbolic equation is a more compact statement than a 
verbal sentence. For example, the statement of S-theory in the 
equation S = jj(T;I;L;P)s takes a whole paragraph to express in 
words. 


B. Precision 

A second utility of the theory is the emphasis it puts upon in- 
creasing the precision of observing societal phenomena. 

For precision, objectivity is essential. Observations that vary 
subjectively from observer to observer may be satisfying to each 
observer alone, but have no precision for science which connotes 
agreed-upon knowledge verifiable by all competent observers. 
Science has found that the language of mathematics is the most 
objective language. When phenomena and their operational rela- 
tions are expressed in mathematical symbols, subjectivity is re- 
duced and precision is increased. The objectivity of S-symbols 
has been measured in percentage terms by means of a controlled 
experiment, which is described below. 

Precision is further emphasized by the scripts which denote 
the degree of precision or limits of it. Thus, for e xam ple, the 
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class-interval script states the units of the index; the case script 
is much used to set the initial and terminal limits or range within 
which the formula holds; the case script often denotes ordinal 
quantities vs. the class script, which denotes cardinal quantities; 
the exponent of zero denotes primitive observation of qualities 
only; the exponent of one denotes more precise observation dif- 
ferentiating a quality into degrees of it; and the exponent of two 
denotes still more penetrating observation of the relations be- 
tween quantified qualities. To write the formula of a situation 
requires precise thinking by the analyst and is a clear-cut technic 
for revealing lack of precision in the captions or presentation of 
the graph, table, or other data that are being analyzed. 26 


C. Classification 


A third utility lies in all that is connoted by the concept of 
classification — the arrangement of parts into an orderly whole, 
the relating of facts into an integrated system of knowledge called 
a science. The quantie table provides such a classification scheme, 
or frame of reference, for ordering societal phenomena, beginning 
with quantified phenomena and progressively extending on into 
the unquantified realm. The fact that every quantified societal 
situation without exception, among the fifteen hundred investi- 
gated, neatly falls into its class in this table demonstrates this 
elassifieational use. The absence of any standardized classification 
of the field of Sociology has been shown by Eubank’s analysis of 
tables of contents of leading textbooks (Ref. 25, pp. 43 ff.). The 
system offered in this volume may prove a sterile flower des- 
toed to fade and be deservedly forgotten. But in presenting the 
b-theory as a candidate for wider standardization, the claim is 
made, to.be judged by the reader, that no other sociological 

classification obeys the canons of classification so rigorously, 
ihese canons are that : 

l. A classification must include all phenomena of the field 

thC qUaQtffied segment ( at P res ent) of societal 


mmst ^^r-f “Sj ^ mUtUaUy exclusive > i-e., the boundaries 
must be definite. The extent to which the rulings in the later 

chapters clearly differentiate the sectors and the different ex- 
ponents of each is experimentally determined and measured. 



Ch. II] 


THE S-THEORY, S 


63 


3. There must be a uniform basis or principle which determines 
all the classes. The quantic table is essentially a cross-qualifica- 
tion on the basis of two principles taken conjointly — the principle 
of sectors and the principle of exponents. In a sense, developed 
in later chapters, the sectors may be viewed as the chief elemental 
classes of content of human knowledge about society — time, space, 
population, and the residue of all characteristics (whose further 
subdivision marks off particular social sciences). The exponents 
may be viewed as the chief elementary classes of the form of pre- 
senting that knowledge — the operational degree of superficiafity- 
to-profoundness with which the data are presented. 

The excellence of the classification of societal data given by 
S-theory is further suggested by the fact that the theory can be 
expressed in geometric terms as sheaves of vectors in an S- 
dimensional societal space. This shows that its categories are 
internally self-consistent. 


D. Fruitfulness 

A final utility of any scientific theory should be its fruitfulness 
for further research and the extension of knowledge. A good 
theory should be but the starting point of many further applica- 
tions and explorations. At many points in the later chapters and 
in the comments on the graphs leads for further study or applica- 
tion will be pointed out. An explicit summary of the chief of 
these are fisted as possible thesis topics for graduate students in 
Appendix IY pointing out some of the possibilities for further 
development of the field of Sociology as seen by the author. 
Briefly, such leads include: the extension of mathematical tools 
to qualitative phenomena opened up by our attribute hypothesis; 
the fuller use of matrix and vectorial algebra on societal data; 
the exploration of the quantic formula on data and in cells of the 
table hitherto undiscovered, whose properties, however, can be 
predicted in advance; the testing of the hypothesis of a maximum 
natural range of about 12.5<r for human abilities and its applica- 
tion to distributions of cultural phenomena such as wealth; the 
trial of an equilibrium theory of societal action measuring the 
chief societal processes current among sociologists ; further experi- 
mental and mathematical research on the hypothesis of epsilon 
elements providing equal and interchangeable “atoms” for 
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societal data; the development of the interrelation matrix as a 
tool for exact analysis of interhuman relationships, i.e., convert- 
ing attributes to indicants and intercorrelating them into systems 
of increasing comprehensiveness. 


III. VERIFICATION OF S-THEORY 
A. Criteria for Verification 

The initial problem of the research reported in this volume was 
to construct a systematics of quantitative Sociology. Relevant 
data in graphic form was gathered, and a systematic “S-theory” 
was inductively built up. The last step of the scientific method 
calls for verification. Is the theory true? 

To test truth the philosophy of science offers two general 
criteria, those of (a) internal consistency, and (b) external corre- 
spondence. Is the theory proposed logically consistent within 
itself and with the current body of theory that constitutes that 
science at a given date? Further, does the theory fit all the ob- 
served facts, i.e., does it correspond to external reality? 

Supplementing these two principles of consistency and corre- 
spondence are two corollaries. These are the practical subcriteria 
of agreement and utility. What percentage of competent observers 
agree as to its being consistent with existing knowledge and corre- 

^ Sd faCtS? K aU agree ' dt is acce P ted 

Sem^ 0th6 7V ^ StU1 u 11 trkl t0 the 6Xtent of the 

^agreement . ._ . Finally, even though accepted, it may be a 
sterile generalization. What is its utility for science? Whatfurther 

SflS^datT 6868 ^ “ bvestigatable form? What further 

S^io^oS'offf?’ r° T \ K ClUSiVe ’ ° r b6tter estabb shed, 

phenomena in ways which man values^Tb ^ ° r C ° ntro1 

suberitem of utilffy U6S? These are the P^gmatic 

B. The Criterion of Internal Consistency 

applied ^by mS^thr^t ^ ° f consistenc y» w ^s 

technic consisting of independent 2 na “ eIy: a ^liability 

sone ; (2) a geometric t yses , - v two different per- 

seometnc tedme consisting in translating S-theory 
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into terms of vectors with their points, lines, and angles; (3) a 
'paraphrasing technic consisting in translating the concepts of 
current sociological theory into S-formulae to determine the ex- 
tent of the consistency of S-theory with the existing state of the 
science. 

1. Reliability of S-theory 

Inconsistencies in interpreting the definitions of the concepts 
and the notation are experimentally revealed when two persons 
write the formulae for S-situations independently and then note 
their discrepancies and study the reasons for them. This was 
done for a sample of five hundred graphs (S-situations) from our 
collection culled from the postwar literature of all the social 
sciences. 27 

Counting as one discrepancy each unit of difference between 
two analysts in any digit of the quantic number, a percentage of 
discrepancies was calculated. The percentage of discrepancy 
between the quantic formulae of the two analysts was found to be 
three percent. This three percent of discrepancy means ninety- 
seven percent of agreement between the two analyses. The 
reliability of the quantic classification of S-theory is thus shown , 
within the limits of this experiment , to be ninety-seven percent 
(±.76%, i.e, with a standard error of sampling of less than 
one percent). 

A second experiment was made by Mr. Bruce Billings (Harvard, 
M.A. in Physics) whose mathematical training was far superior 
to Miss Jurdak’s. He received no personal instruction from the 
author and secured his knowledge of S-theory solely from study 
of the first manuscript of this book. On a smaller sample of 
fifty-five graphs which he had not previously inspected, culled 
from various chapters of this book, his independent writing of the 
quantic formula in November 1938 showed ninety-nine percent 
(±.45%) of agreement with the standard version published here. 
The reliability of the quantic classification by this experiment 
was then ninety-nine percent. 28 

The discrepancy index of reliability was also calculated for the 
full descriptive formulae of the five hundred situations analyzed 
by Miss Jurdak. Counting each letter or symbol (including their 
positions) in which the two independent analyses differed from 
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each other as one point of discrepancy, the percentage of dis- 
crepancies was calculated. The percentage of discrepancy was 
found to be seven percent, or ninety-three percent of agreement. 
The reliability of the descriptive formula is then, as far as this 
experiment goes, ninety-three percent (±1.14%). This reliability 
may be analyzed by subsamples as follows: 


Sample 
of S-situations 

1st 100 
2d 100 
3d 100 
4th 100 
5th 100 

All 500 


Average Percent 
of Agreement 

89% 

90% 

92% 

95% 

97% 

93% 


One further analysis was for one person to rewrite the formulae 
after a month. The agreement between the first and second 
writings w r as ninety-eight and five-tenths percent for the quantic 
formulae and ninety-six and six-tenths percent for the descriptive 
formulae. These percentages of discrepancy show the extent to 
which the rules for converting sets of data into S-formulae (see 
Appendix II) are inadequate and need further refinement towards 
the goal of no discrepancies. 

Whether this is an excellently high reliability for this kind of 
data is unknown for lack of similar experiments to furnish a 
norm. For, as far as the author knows, there has never been a 
similar controlled experiment to measure the objectivity of any 
of the many classifications proposed by social scientists for their 
science. Classification construction has been an art, practiced 
by the writers of textbooks and systematic works without any 
attempt hitherto to reduce their classifications as hypotheses to 
the scientific test of how consistently it gives similar results in 
the hands of different users. Yet to appraise the excellence of 
any classification, its reliability is the first thing to be determined 
and reported. Now that a technic has been developed, scientific 
standards should require that classifications in the future have 
their reliability quantitatively determined. 

The important point about this observed reliability of ninety- 
seven percent is that it can be increased with the practice and 
training of the analyst. In this experiment the second analyst, 
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Miss Jurdak, had had only a one-semester course in Statistics and 
no Co-ordinate Geometry or Advanced Algebra as a background. 
But the percentages of agreement showed a trend to rise with 
practice. 29 This is to be expected since every discrepancy reveals 
an ambiguity in the Rules which can be recorded toward pre- 
venting the recurrence of that kind of discrepancy. 

2. Geometry of S-theory 

The second technic for determining the internal consistency of 
S-theory was to convert it into geometric terms and see whether 
a spatial model could be constructed. Such a model is diagramed 
in S. 35, Ch. II. 

Every index is represented as a vector which is a directed line, 
i.e., a line with length and an angle with another reference line. 
Case scripts state points on its vector, class-interval scripts spec- 
ify the line-sects subdividing the length of the vector, and class 
scripts specify the number of different vectors in a sector. With 
all vectors starting from a common origin of zero they spring out 
as a sheaf of lines into a Euclidian space of n dimensions, n being 
the total number of indices in the situation as recorded. A zero 
exponent denotes a point or a dimensionless space; an exponent 
of one denotes an extension, a vector; an exponent of plus two 
denotes an angle between two vectors and also the area of the 
parallelogram determined by the two vectors. (See S. 12 and 13, 
Ch. VI for exact formulae.) A correlation coefficient (symbolized 
by the heavy dot) is the cosine of the angle between the two 
vectors representing the two indices correlated. A table of inter- 
correlation coefficients, considered as an algebraic determinant, 
specifies all the angles between every pair of vectors in the situa- 
tion. An index that is subclassified by the colon symbol (as 
Eq. 39, Ch. II) is a vector, which is like a centroid and splits up 
into a sheaf of vectors, each of which represents one of the sub- 
classes. 

In this scheme qualities are geometrically represented by direc- 
tions, and quantities by lengths of fines. Correlations measure 
degrees of angle and, therefore, quantify the degree of qualitative 
difference between two entities. 

Vectors can be added, subtracted, and multiplied, by the rules 
of vectorial algebra. They can be transposed into other sets of 
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vectors, such as a system of rectangular (Cartesian) co-ordinates. 
The dimensi ons of a societal situation are the number of its vec- 
tors. Under certain conditions (stated in Ch. VI) the vectors 
of a situation can be re-expressed in terms of fewer vectors, i.e., 
in a space of fewer dimensions. This geometric interpretation 
is expanded in Chapters III and VI. Here it may be epito- 
mized in the geometric formula, recalling that overlining denotes 
vectors: 


number of points = 1 1 (deals with directions) 

(I) = scalar length 

number of sects = 1 1 = number of vectors 

(Eq. 51, Ch. II) 

the geometric inter- 
pretation of 
S-theory 

In this geometric interpretation of S-theory, every S-situation 
is represented by an n-dimensional hyperspace which may 
be referred to as “S-spaee.” There are usually as many dimen- 
sions as denoted by the class scripts, which are weighted in 

each sector by the exponent as specified more precisely in later 
chapters: 


n = 


+ i + i X 1 + 


(Eq. 52, Ch. II) 

the number of di- 
mensions in a socie- 
tal situation 

This S-spaee is divided into four subspaces called sectors— those of 
&e temporal indicatory, spatial, and population^ types of 
vectors Each of these sectors is subdivided into as many sub- 

SSL r* 116 ^Paces) as fti « 

frf by fte class scri Pt. I- Each vec- 
toml subspaee may be further subdivided into normals which 

number^whiJr- °h “^7 perpendicula r co-ordinates, the 
!™T,°5 wbch 15 den °ted by the exponent. Each vector is 
ubdividedmto sects as denoted by the class script. Finally the 

the ^ points on them as 

X by the case scnpt. In S-notation (where the symbol: 
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is read as, “is subclassified into”) this is expressed in the 

formula : 

* 


Verbal for- 
mula for S- S-space : sectors : vectors : normals : sects : points 

space: 


Symbolic 

formula 

Sociological 

equivalents: 


S 


Quantified 

societal 

Situations 
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specified 
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A further geometric model of the quantic formula alone, 
g S _ (X*;I i ;L 1 ;P p ), has the four sectoral exponents as four vari- 
ables. It can be best represented in a four-dimensional space. 
As this cannot be visualized, S. 33, Ch. II presents a three- 
dimensional model with a fourth dimension (of length) suggested 
as a subclassification (of time) . This is an expansion of the Quan- 
tic Table above. The usual exponents of time, T°, T* 1 , T ±2 , 
define three “avenues” in this model of blocks;. the more usual 
exponents of indicators define three “streets”; the exponents of 
population define three “stories.” The bottom left-foremost 
corner represents the simplest situation with a quantic number 
of 0;0;0;0. There is a steady increase in the exponents and the 
number of sectors involved (with non-nullary indices) in zones 
moving from that corner to the top right-rear corner whose 
quantic number is 8;2;0;2 (or 8;2;3;2, if length were represented 
properly). 30 

These geometric models of S-theory serve as indirect evidence 
of its internal consistency, for geometric constructs of lines and 
angles will often bring inconsistencies out into high relief. 


3. Paraphrasing op Current Concepts in S-formulae 

The third technic for testing internal consistency of a theory 
is to compare it with pre-existing theory. A new theory which 
harmonizes with the existing body of theory in a science is to be 
preferred, other considerations being equal, to a new theory which 
clashes with previous theory. Towards this aim the existing cur- 
rent concepts of Sociology have been translated into S-formulae 
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throughout this volume. The s um mary of such paraphrasing, or 
translating, is presented in Chapter XII with the finding that 
the ma jority of current concepts of the semi-officially endorsed 
list can be re-expressed in S-formulae, and many of them are 
thereby reduced to measurable terms. The minority of current 
concepts which are not reducible into S-formulae are so subjec- 
tive and vague, that in the author’s judgment, the prediction 
that many of them will in time be discarded by sociologists has 
high probability. 


C. The Criterion of External Correspondence 
1. The Reduction of Quantified Societal Situations to 

S-FORMULAE WITHOUT EXCEPTION 

To the basic question of correspondence of the theory to ex- 
ternal reality a rigorously scientific answer has been attempted. 
This answer consists of the demand that every single quantitatively 
recorded situation in the social sciences shall be describable in an S-for- 
mula without a single exception or departure from the usual nota- 
tional rules. Quantified situations in the form of tables, graphs, 
maps, pictures, formulae, and paragraphs were collected, sam- 
pling the fields of Sociology, Economics, Political Science, Anthro- 
pology, Education, Religion, and Philosophy. In order to reduce 
possible selective biases, every graph, table, etc., in a volume, if 
it was scanned at all, was included in the collection. Thus the 
seven chief sociological journals 31 were culled for every available 
issue of the past ten years. A dozen textbooks of Sociology, 
Statistics, and other social sciences, and other representative 

ks, such as Recent Social Trends, were similarly harvested. 
tJver fifteen hundred photostats were made of such situations, 
mounted, and presented to the author and his assistants to reduce 
to formula The clerks collected mechanically under instructions 

\° Im rr , one table ’ map, or formula in the volumes 

scanned^ The analysts then proceeded to analyze each photo- 

to r 1 “i" 1 *? itS formula ’ P ermitt rag no situation 

situniinrt h Not one quantitatively recorded societal 

X" » Ch nj m s - th »» 

Of course, the theory was uot adequate at tot and was con- 
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tinually modified to meet new situations. 32 In all probability it 
will be modified further in the future. Every situation resisting 
analysis became crucial and resulted in modifying the theory. 33 

A single unanalyzable quantitative situation would disprove 
the theory in the sense of demonstrating that it was not adequate, 
as it claims to be, to describe every such situation in terms of 
S-theory concepts in a pattern specified by the S-formula. Since 
indicators are defined as everything other than time, space, and 
population, it is logically inevitable that these four categories 
should include all societal data without any remainder. The real 
problem is not whether an S-formula can be written for every 
set of societal data, but whether different analysts will write 
the same formula. This is the question of reliability answered 
above. 

The graphs illustrating the theory in this volume are, of course, 
selected ones. The collection from which they were selected is a 
sampling of the literature. But this sampling was done on an 
objective basis regardless of whether or not these graphs might 
illustrate S-theory, and is not a selection of illustrations gathered 
to support a theory with non-supporting illustrations ignored. 
This inductive approach of insisting that the theory fit every 
recorded quantitative societal situation encountered is what is 
meant by the statement above, that a rigorously scientific answer 
was attempted to the question as to how well the theory corre- 
sponds to external reality. 

D. The Subcriterion of Agreement of Competent Persons 

The argument for the utility and for the truth of S-theory has 
been stated up to this point by one person. There remains the 
evaluation of other sociologists and social scientists for applying 
the corollary subcriterion of the consensus of opinion of compe- 
tent students. 

The opinion of other scientists and sociologists, endorsing, 
qualifying, amending, or rejecting the S-theory is not available 
in advance of its publication. Note may be made, however, of a 
few indications of appraisal of parts of the manuscript. 

The theory for measuring societal forces, developed in Chap- 
ter XI was first published in Refs. 12 and 18, and its standard 
error in Ref. 16. This theory was reviewed or co mm ented upon 
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favorably by G. A. Lundberg in Social Forces (Ref. 44) ; 34 by P. S. 
Chapin in his presidential address to the American Sociological 
Society (Ref. 7, pp. 6, 9) 36 and in his book, Contemporary Amer- 
ican Institutions (Ref. 6, p. 347) ; 36 and by H. A. Phelps in his book, 
Principle and Laws of Sociology (Ref. 55, pp. xii, 45, 51, 130, 160). 37 

An article embodying the section of the tension theory treated 
in Chapters V and X was rejected by the American Journal of 
Sociology, and was later solicited by the editor of the American 
Sociological Review and published in the February, 1939, issue 
(Ref. 19) . H. A. Phelps produced part of an early draft of it in 
his book (from a typescript in clumsy notation which had been 
shown to him by the author). This draft interested Lundberg, 
then chairman of the Research Section of the American Socio- 
logical Society and in charge of its annual canvass of research 
in progress, to the extent of proposing collaboration in preparing 
one of two volumes on systematic quantitative sociology. As 
this work developed he came to Syria in the s umm er of 1937 to 
study S-theory and plan what developed into his companion 
volume, Foundations of Sociology (Ref. 43), and the .present 
volume. His encouragement and criticism have been the two 

most important influences on the author in developing and pub- 
lishing S-theory. 


In order to get criticisms of S-theory, copies of a six-page ab- 
stract were circulated among a group of sociological, psychological, 
and statistical colleagues in England and the United States. 
From some of these, critical comments have been received on this 
atetract or on other isolated parts of the manuscript: Read Bain 
(Ahami), Arthur F. Bentley (Indiana), Jessie Bernard (Wash- 

58 (Harvard )’ F - Stuart Chapin (Minnesota), 

Eiih» fc in ■ a ^ e -* , .^^ c ^ Lae l Choukas (Dartmouth), Earle E. 
(Yale) T. Cincinnati) , Karl Holzinger (Chicago), Clark Hull 

L, \ L ' ^ Tturst °ne (Chicago), Charles Malik (Harvard) 
^udents of H. A. Phelps (Pittsburgh), and Mcholas Re- 

ac W&1 6 aSS - StanCe ° f their comments is gratefully 

edgd- They are m no way responsible for whatever 

made in the P fesent volume. 

e tire text has been critically read by Mr. Billinas to 

mathematical formulae rmtn+inn r 

r Lundhprcr V . ntatlon ’ and references, and by 

■lundberg to check underlying assumptions, and the author 
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has attempted to incorporate fully their wealth of critical notes 
and corrections in the text. 

A resum6 of S-theory appeared six months after this volume 
had gone to press in the American Sociological Review in October 
1939 under the title “An Operationally Defined System of Con- 
cepts for Sociology” (Ref. 19a). 

IV. SAMPLE SITUATIONS REDUCED TO S-FORMULAE 

A selection of thirty-five descriptive S-equations will be pre- 
sented next, together with a few calculative ones. They are t ak en 
from all the quantic topics of the succeeding chapters to give a 
fuller view of the range and forms of the S-theory throughout 
the social sciences, before entering into its detailed exploration 
one quantic topic at a time. The equations are grouped by the 
steps of the scientific method, as outlined in the preceding chap- 
ter, to illustrate methodological uses. 

Each graph bears its quantic number, | s , classifying it into a 
cell of the Quantic Table and showing to which of the subsequent 
chapters it belongs. After the full descriptive formula is written 
the “legend” specifying what each index and script represents in 
the given situation. The S-symbols analyze the content of societal 
situations, aside from their relationships, into eight standardized 
general concepts — the four sectors and their four scripts. The 
legend states in words the particular species or form which each 
of these eight general concepts represents in the specific situation. 
The descriptive formula classifies the constituents of the situation 
into genera; the legend subclassifies each genus into species. 

The legend may be read horizontally or vertically. Horizontally 
each symbol is defined in the phrase aligned with it. These defini- 
tions have connective phrases in intermediate rows so that the 
right-hand members by themselves may be read vertically from 
top to bottom giving a connected description of the situation in 
terms of the concepts of S-theory. 

After the first thirteen S-situations, illustrating the four sectors 
and their commoner exponents, the remaining twenty-one illus- 
trate the broad steps of the scientific method in: (1) observing 
and recording facts, (2) systematizing them, (3) inducing prin- 
ciples, and (4) verifying them. 38 These thirty-five situations, each 
described by the appropriate form of the S-theory formula (Eq. 50, 
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Ch. II) constitute a preliminary sample of the way S-theory corre- 
sponds to external reality. More detailed evidence is presented 
in the three hundred situations appended to the chapters of this 
volume. These are a sample of the facts to which any systematic 
sociological theory must be fitted. 

S. 1 



THE ORIGIN OF MAN 


j£^L diagram the author foUows the more liberal geological estimate of about 
25,000,000 years since the beginning of the Tertiary. Man differentiated about 
hall-past eleven. 



THE QUATERNARY AGE: “PREHISTORIC” AND HISTORIC TIME 

1 Mfsnitamc. of 

existence on the earth. oaipared with the whole period of human 
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Descriptive formula: Si = t : 5T +1 

Legend: 

Si = The situation 

records 

T = time 

divided into 

t| = 2 ages (tertiary and quater- 
nary) 

: = and subdivided 


Quantic number = 1;0;0;0 
into 

| = 2 periods (prehistoric and his- 
toric) 

with 

| = initial dates stated (since the 
periods are unequal) 


S. 2 



Ref.: Research Bulletin , National Educational Association, Vol. XII, No. 5, November, 1934. 


Descriptive formula: S 2 = P/ : *T7 X : T,V 

Legend: 

S 2 = The situation 

is a record of 
P/ = an unnamed plurel 

between 

*| = 2 dates (1840 and 1934) 

stating 


Quantic number = 91;0;0;1 

T -1 = a velocity of change 
| / = classified in year units 

in 

T +1 = duration of the working day 
\ t , = classified in hour units 


Comment: 

The average velocity of the process of shortening the working day is almost 
four minutes per year in this population and period (360 minutes/94 years = 3.8 
minutes). In relative terms this is a decrease of 45% per century. 
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Comment on notation: 

1. The two partic ular classifications of time (into years and hours) are two 
time indices. 

2. In terms of matrices, the data can be arranged in e 2 X 1 matrix es de- 
noted by the multiple date script of two, *|, and the corresponding singular 
script on T„. Thus, there are but two cells in this matrix, a duration stated for 
each °f the two dates. 

3. The combination of a positive and a negative exponent of unity is denoted 
in the quantic number, | s , by the digits 91. 


S. 3 


RATIO OF MARRIAGES TO DIVORCES 


MARRIAGES 


1900 



1912 



DIVORCES 



ReJ.: Research Bulletin, National Education Association, Vol. XII, No. 5, November, 1934, p. 254. 

Degcriptiee formula: S* = *:}T* : (P, P^T"*) Q mn tic number = 8;0;0;19 


S* = The situation 


4 = 3 periods 

of 

T = ayear 

*‘1 = corresponding dates 


P, - 


* — with a corresponding 
0 = index 


Pr, 1 

T-i 


for each, composed of 

the unstated number of per- 
sons marrying 

divided by 

the unstated number of per- 
sons divorcing 

per year 


Cmmmt: 

divorcing process can also be expressed as a qualitative 
Zl ’ 11 : the amount of an acceleration of a chang e 


acceleration of the 
force as defined in 
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times the population changed, F = T” 2 I°P +1 . The attribute, divorce, which is 
multiplied by the “pure” P can be written explicitly. The existence or non- 
existence of a divorce becomes an all-or-none type of change represented by the 
attribute with its value of unity, when present, and zero, when absent, 1,0 I°. 
This index, F, measures the net societal force accelerating divorcing, in spite of 
whatever resisting forces may be operating. It is .0026 units of force expressed 
relative to units of marriage, i.e., .0026 new divorcees per marrying person per 
year per year, in the United States from 1900 to 1932. 

Comment on notation: 

1. The underlining denotes that the absolute number of that quantity is in- 
definite. 

2. The use of parentheses denotes an index, (I) ; but here its factors are written 
explicitly. 

3. Since the divorcing persons are not a part of the population getting married, 
two P's are written in a ratio (PP -1 ) instead of a “%P” meaning a population in 
percentage units. 

4. The convenient use of the correspondence symbol, the colon, in the date 
script may be noted. Since the periods are intermittent ones, the date script 
specifies this fact, in asserting that initial ( a |) and corresponding terminal ( :z |) 
dates are recorded. 

5. The acceleration is denoted by the exponent of —2 in the time sector, 
which is represented by the digit 8 ( = 10 — 2) in the quantic number in order 
to obviate minus signs. 



Ref.: President’s Research Committee, Recent Social Trends , McGraw- Hill Book Co., 1933, p. 320. 
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Descriptive formula: S 4 = * uT* •'•ST +1 : %P) P Quantic number = 2;0;0;1 


Legend: 

S* = The situation 
records for 

*| = a particular date, 1930 
for each of 

Ip = 2 sex plurels of class A workers 
in the U.S.A. 

Ip' = males, | p " = females 

a matrix in which 

t | = 11 age periods 

each of 


T = 5 years’ duration 
'| = beginning at age 15 
:: = are cross-classified 

with 

ST = 5 unequal durations of unem- 
ployment 

: = with the corresponding cell 
entries of 

%P = the percent of persons 

_ = (absolute numbers not being 
stated) 


Comment: 

One trend in this depression was a great deal of unemployment amongst the 
youth who came newly onto the labor market. „T : (*'T • P, > 0 > f'T . p,,) 
which states, that for each unemployment duration, U T, increasing age, ( t T)’ 
above age 30, ( a '|), correlates positively with the number of men unemployed 
and correlates negatively from age 15 upwards, ( a ''|), with the number of women 
unemployed. Men s chances of employment went down with age, while women’s 
chances went up slightly. This illustrates the use of S-notation to state trends 
and findings m quantitative data, without the necessity of further legend, other 
than the legend describing the whole situation. 


Comment on notation: 

l. The double colon denotes a cross-classification which has not been sum- 
m^m^ angle index, such as a correlation coefficient (or scalar product of 

|, = 2 T L C !fSt 1 ? 1 a e agSregated m the above ’ since »l = 5 and 

are equal, explicit assertion of the initial date of IS * ? the P enods 
8aiy. Asserting initial dates 


S. 5 


I. 


SOME OF OUR 

The Abstract Sciences 
A Mathematics 

B. Logic 

C. Metaphysics 

II. The Physical Sciences 

A. Chemistry 

B. Physics 

C. Astronomy 
U- Earth Sciences 


MORE IMPORTANT SCIENCES 

III. The Biological (Life) Sciences 

A. Botany (plant life) 

B. Zoology (animal life) 

C. Physiology (activities of organisms) 
r,' Morphology (form and structure) 

p Ecology (response to environment) 
-t • Joacteriology 
G. Embryology 
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IV. Psychology 

V. The Social Sciences 

A. History 

B. Economics 

C. Political Science 

D. Sociology 

E. Anthropology 

COURSES IN BOTANY AT THE UNIVERSITY OF CHICAGO 


Elementary Botany 
Elementary Plant Physiology 
Elementary Ecology 
Methods in Plant Histology 
Organic Evolution 
The Local Flora 

General Morphology of Thallophytes 
General Morphology of Bryophytes and 
Pteridophytes 
General Morphology of Spermatophytes 
Special Morphology of Algae 
Special Morphology of Fungi 
Special Morphology of Bryophytes 
Special Morphology of Pteridophytes 
Special Morphology of Gymnosperms 
Special Morphology of Angiosperms 
General Morphology of Fossil Plants 
Special Morphology of Fossil Plants 
Cytology 


Ecological Anatomy 
Experimental Ecology 
Experimental Field Ecology 
Geographic Botany 
Physiographic Ecology 
Ecological Surveying 
Forest Ecology 
Field Ecology 
Applied Ecology 
Plant Genetics 

Seminar in Evolution and Heredity 
Seminar in History of Botany 
Research in Morphology 
Seminar in Physiology 
Research in Physiology 
Seminar in Ecology 
Research in Ecology 
Research in Plant Genetics 
Research in Paleobotany 


General Plant Physiology Plant Chernies 

Plant Microchemistry Plant Production in the United States 

Plant Physics Growth and Movement 

The chart [above] shows something of the range of our modern sciences. It is a 
very abbreviated chart indeed, giving only main divisions. It is, even in its abbrevi- 
ated form, a great view of the results of man's long development, and it is a great 
promise of the future, for never in the past has there been even a near approach to 
the powers which are in man's keeping, now that he has access to general laws of 
science. 

The purpose of the list of courses [above] is to show how far we have gone in our 
study of one science. It is by no means an extreme case. Others have been carried 
farther. Do not try to understand all the terms. 


Ref.: Marshall, Leon C., The Story of Human Progress , Macmillan, 1925, p. 157. 


Descriptive formula: Ss = 

Legend: 

S 5 = The situation 

records 

1° = a qualitative characteristic 
(science) 

: = subclassified into 


Quantic number = 0;0;0;0 

i = 5 first-order classes 
j — 19 second-order classes 
and 

k = 43 third-order classes 
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Comment 


Note the function of the “ legend/ 7 Only the four items below, which state 
the specific kinds or amounts in this situation, are essential. 1° = science, i = 5 
j = 19, k - 43. The rest of the legend simply puts the formula into words for 
the benefit of the reader unpracticed in the notation. The S-formula, in gen- 
eral, states the pattern or structure of the situation in terms of about a dozen 
standard concepts (4 indices, 4 scripts, 4 chief operators). The legend states 
what particular forms or values these take in the given situation. A qualitative 
analysis in Chemistry giving the structure of elements, and a quantitative analy- 
sis of a chemical compound giving the amounts of each element, are somewhat 
analogous to the formula and legend of S-situations. The analogy is misleading, 
however, if the distinction is between quality and quantity, since the distinction 
in formula and legend is between general and specific. The descriptive formula 
analyzes the situation into a few general concepts, and the legend notes the spe- 
cific kind of entity or amount of that entity, which is represented by each general 
concept. 


S. 6 



children’s facilities index 

Score f O' 

Score TES N0 

.... I. Docs family have two or 
EM>re pieces of playground 
equipment? 6 

.... 2. Does child have bicycle or 
tricycle? 5 

• * * ■ 3. Is there a nursery or recrea- 
tional room? 7 

.... 4. Has child had paid lessons 
in music outside of school? 6 
.... 5. Has child had paid lemons 
in dancing outside of school? 7 

.... 6. Is child given a certain 
MQount of money regularly 
to spend? 6 

7. Does child have an account 

m a public school or bank? 5 
.... 8. Has child ever belonged to 
any paid clubs or groups? 6 
.... 9. Did child go to a boys (or 
pris) camp this summer or 
last summer? 7 

. .10. Has child be® to dentist 

within past year? ^ 

— .11. About how many chil dren*. 

books are there iifteW* 

■Wsbush: 0-10 11-30 31-50 oteb 50 

800KB: 2 4 g “ 00 

.... iotal scorn 

*Tka - rnuxu 40- 

ST® 5 is* 6 rtSSSS £R!“S ?f a a home in relation to the 


HOME STATUS PROFILE * 


A ^ ce Measurement of Urban Home P ~ 

^ * **• 3<me Univ. of Minnesota Press, 
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Descriptive formula: S6 = ~P *. i, Ii Quantic number = 0;1;0;1 

Legend: 

S 6 = The situation on 

records for if | = a scale of 11 class-intervals 

'P == a particular person for each of 

~~ = who is not named (i.e., indefi- |i = 6 indicants of 11 home status ” 
nite identity) 

I = his I-units (i.e., scores in class- 
intervals of .5<r) 

Comment on notation: 

1. The use of the class-interval script to specify the unit used is here illus- 
trated. Such symbols as, a \, $|, %|, state the kind of units or class-intervals, and 
not the number of them. 

2. Since the value of P is unity, the colon could be omitted, as it makes little 
logical difference whether it reads “ for one person there correspond six scores,” 
or “ the product of one person and each of his six scores.” The connotations of a 
matrix at its lower limit merge into those of an “index” which is its limiting 
case. 

3. The scripts show the S to be a second-degree matrix of order 11 X 6, as 
i| = 11, and i = 6. The six scores of this person are a first-degree matrix, 
|i = 6. The six scales constitute the second-degree matrix. 

4. In this S, the only information given by the legend, which is not already 
explicitly stated by the formula, is, that there are eleven class-intervals, and that 
the indicants are six in number, | i, and are of the kind named “ home status.” 
The legend could be condensed to i| = 11, |i = 6, I = “ home status.” 
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S. 7 



Correlated variability of specified countries in respect to athletic 
scores, in Olympic Games, 1920—24 (Y, or vertical scale), and mean 
temperature of country (X, or horizontal scale), showing a tendency in 
favor of the cooler climates. The athletic scores are ranked relative to 
population. The ranks of the countries are as follows (the rankings of 
each country are charted by the positions of the circled dots, numbered 
as below, and read on the two scales) : 


No, Country 

X 

Y 

No, Country 

X 

Y 

1. Australia 

... 1 

13 

9. Holland 

.... 9 

7 

2. Belgium 

... 8 

6 

10. Italy 

.... 3 

12 

3. Czechoslovakia 

...11 

15 

11. Norway 

.. . .15 

1 

4. Denmark 

...12 

4 

12. South Africa 

.... 2 

14 

5. Esthonia 

...14 

5 

13. Spain 

.... 4 

16 

6. Finland , 

. . .16 

2 

14. Sweden 

....13 

3 

7. France . 

... 0 

9 

15. Switzerland 

....10 

8 

8. Great Britain 

... 7 

10 

16. United States . . . . 

.... 6 

11 


Remiiardt, J. N. and Davies, G. H., Principles and Methods of Sociology , Prentice-Hall, 1932, p. 29. 


Descriptive formula : Sr = 'T° : T :: j I : P p 

Legend: 

S 7 = Hie situation 

records for 
T® = 1920 or 1924 

l I = the ranks of one indicant, tem- 
perature 

:: = cross-classified 


Quantic number = 0 ; 2 ; 0;1 
with 

3 I = the ranks of another indicant, 
athletic scores, 

: = with a corresponding 

P p = frequency of national plurels in 
each cell 
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Comment on notation: 

1. If the correlation coefficient were shown, summarizing the matrix in a 
single index, the dot operator would replace the double colon. The correlation 
is .65 ( = crl]>j). 

2. Whenever the number of persons in each of the plurels is not stated, the 
P is underlined, denoting plurels each of indefinite size. 

3. The case script denoting points rather than class-intervals is used here, as 
ranks signify ordinal points and not equal class-intervals. 

S. 8 



The spread of Christianity in Europe. The line marked a.d. 400 nearly agrees 
with the Roman Empire at its widest extent. Crosses and broken lines represent 
non-Christian invasions. (Partly based on Heussi and Molert, and W. R. Shep- 
herd.) 


Ref.: Taylor, Griffith, “Environment and Nation,” Amer. Jour. Soc., Univ. of Chicago Press, Vol. XL, 
No. i, July, 1934, p. 28. 
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THE SECTORS OF SOCIETY, (I') 

Descriptive formula: Ss = tT ” 1 • L r,ir 

Legend: 

S» - The situation 

records 

T~ l = the velocity (per 100 years) 

in each of 
J = 19 centuries 

Comment on notation: 

1 The diffusion of culture might be more explicitly stated by writing the 
formula, tT" 1 : (IJL 2 ),,, in which the attribute, 1°, represents “ Christianity.” 
Whenever a Q ua l i ty characterizing an area is stated, the pure area has an 
attribute implicitly multiplied with it, and this may be written explicitly if 
desired. ( Similar implicit, or “ diphthonged,” attributes usually characterize 
time and population which seldom occur pure ’ in societal situations.) The 
u diphthong ” is a product of a quality times a quantity. 

2. Since the exact area of the zones is not stated in a map, the L 2 is under- 
lined, denoting indefiniteness. 

3, Note that the zones of non-Christian invasion are compared, as set off by 
the comma, and denoted by a singular descript, since there is but one such zone 
for each of the 19 centuries. The effect of a multiple descript in an S-formula 
continues throughout all entities written to the right of it. There are thus t| 
zones. 


Quantic number = 9;0;2;0 
of 

L? = the increase of Christianized 
area in Europe 

| = compared with zones of non- 

Christian invasion 
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S. 9 
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Map Showing 3500 Miles of Completed and Proposed State Roads, in 
New York’s Proposed 12,000-Mile System. The Shaded Portion Shows a Strip 
Ten Miles Wide which Contains 90 Per Cent of the Taxable Valuation and 
80 Per Cent of the Population. 


Ref.: Brinton, Willard C., Graphic Methods for Presenting Facts , McGraw-Hill Book Co., 1914, p. 222. 


Descriptive formula: S 9 = l JA:m ’ (Ln}o 

Legend: 

S 9 = The situation 

records 

L 2 = a region, New York State, 

_ = (area not stated) 

in 

|i = 2 classes (counties and zoning) 

with their 

| m = subregions, i.e., counties, or 10 - 
mile strip and non-strip areas 

and 

x \ — specific points, namely cities, 


I, %P) Quantic number = 0;1;21;1 

and corresponding to these 
regions are 

L n = lines in 2 classifications (roads 
and boundaries) 

: = subclassified into 
| 0 = 3 categories of roads 

and also corresponding to the 
regions is 

I = an indicant of taxable valua- 
tion 

and 

% p = the percent of the population 
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Comment on notation : 

1. Since the indicant (i.e., quantified indicator) and population refer to the 
areas and not to the lines, they are separated by commas making them independ- 
ent of L +1 , but placed in a parenthesis of which all the contents are operated 

upon by the L s scripts, followed by a colon. 

2. Note that in subclassification not all the classes need have subclasses. The 
number of subclasses for each class is a variable including zero as a value of the 
variable. Thus, the linear subclass script, |o, is 3 for the “ roads ” subclass of 
lines, and 0 for the “ boundaries ” subclass of lines. 

3. In a hierarchy of subclasses the successive levels of classes are denoted by 
successive letters of the alphabet, beginning with the letter of the sector involved. 

4. The spatial quantic digits are 21 as these are the exponents in the aggre- 
gation of the spatial sector. Since the lines and the areas are aggregated and 
not multiplied together, their exponents are not added, i.e., (L +2 : L+ 1 ) gives 
|« = t;i;21;p, whereas (L +2 L +1 ) gives | 8 = t;i;3;p. 

S. 10 



VS THE EVENING OF HIS LIFE,” AS HE PUTS IT, GAI 

HAS VOLUNTARILY WITHDRAWN FROM ACTIVE LEADER* 

IN THE STRUGGLE FOR INDL.AN INDEPENDENCE TO GIVE I 

SELF HEART AND SOUL TO THE CAUSE OF INDIANS DI 
herited. 
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Ch. II] 

Descriptive formula: Sio = 'P Quantic number = 0;0;0;1 

Legend: 

Sio = The situation 

records 

'P = a particular person (Gandhi) 


S. 11 

NATIONALITIES AND SECTS:— UNIVERSITY AND LOWER SCHOOLS 

COMBINED 


Nationalities 

Students 

Nationalities 

Students 

Abyssinia 

2 

Trans-Jordan 

12 

Arabia 

1 

Turkey 

15 

Albania 

1 

U. S. A. 

62 

Argentine 

3 

Venezuela 

1 

* Armenia 

6 

Zanzibar 

2 

Assyria 

Austria 

Brazil 

British Empire 

Bulgaria 

1 

3 

19 

1 

Sects 

1421 

Czechoslovakia 

2 

Bahai 

17 

Denmark 


Deist 

1 

Egypt 

78 

Druse 

69 

Equador 

2 

Hindu 

2 

France 

5 

Jew 

146 

Germany 

1 

Moslem 

451 

Greece 

19 

Zoroastrian 

2 

India 

2 

Armenian Catholic 

1 

Iraq 

129 

Assyrian 

1 

Italy 

3 

Chaldean Catholic 

5 

Lebanon and Syria 

723 

Coptic Catholic 

1 

Lithuania 

2 

Copt 

25 

Mexico 

6 

Gregorian 

60 

Palestine 

238 

Greek Catholic 

29 

Persia 

43 

Greek Orthodox 

261 

Poland 

6 

Maronite 

72 

Puerto-Rico 

1 

Nestorian 

1 

Roumania 

1 

Protestant 

228 

Russia 

9 

Roman Catholics 

36 

Santo Domingo 

3 

Syriac Catholics 

2 

Spain 

4 

Syriac Orthodox 

11 

Sudan 

Switzerland 

14 

1 


1421 

* Most of the Armenian students have become Lebanese citizens, and are listed under Lebanon . 



Ref.; American University of Beirut, Leaflet for Visitors, 1933-34. 
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Quantic number = 0;0;0;1 


Descriptive formula: Su = P p , q 

Legend: 

Su = The situation 

* 

records 

P = the student population of the 
American University of Beirut 

in 


p>q 


two classifications (by nation- 
ality and sect) 

and 

their classes: 

38 national plurels 
21 sectarian plurels 


S. 12 


SOCIAL DISTANCES BETWEEN RELIGIOUS GROUPS 

N = 261 Freshmen of the American University of Beirut 

Scaler 0% = m axim a l friendliness, 50% = indifference, 
100% = maximal hostility 


N 


61 

26 


25 

$2 

28 


Responders 


Greek Orthodox 
Jew 

Protestant 
Catholic 
Moslem Sunnite 
Moslem Shiite 


Popularity 


Respondees 


Greek 

Orthodox 


(5) 

45 

35 

37 

37 

40 


38 


Jew 


65 

( 6 ) 

37 

50 

70 

75 


62 


U * 


Protes- 

tant 

Catho- 

lic 

Moslem 

Sunnite 

Moslem 

Shiite 

Friend- 

liness 

25 

30 

45 

45 

42 

10 

32 

45 

45 

39 

(11) 

35 

52 

60 

44 

25 

(2) 

35 

57 

41 

32 

1 37 

(2) 

30 

41 

52 

42 

20 

(0) 

42 

29 

35 

41 

43 

41 


towards recipient (respondee) 
diStanCe fr ° m eXpreSS0r fonder) group 


■Bw* fTypestripi), America^ ^1$ Department ol Sociology Year 


Descriptive formula: 


P, 

• 4 

• m 

Pp 


records 

6 refigiotEs plurels as actors 
cro^-dassified with 

as recipients of ac- 


1 = 


m, __ 


Quantic number = 0;1;0;2 

with a corresponding 
indicant of attitude (i.e., social 
distance) in each cell 
and means are also stated 


Thi s situation jl fu RtratA g ■fVm .* • , 

«*ar to be the heart of SodoIoe^Wk” 1 T*™* wWch , is believed by the 

(U^), it becomes fee ink ri&Hdn matrix It is « a dyllamic bidex 

imfw ‘ 18 a tool for precise analysis of the 
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interrelations of persons, or of plurels, which is comparable to the correlation 
matrix and its summarizing correlation coefficient, which expresses the relation- 
ship between the characteristics of a population. Note the quantic formula of 
interrelation, IP 2 , and of correlation, I 2 P, where the exponent of two denotes 
the indices, the relationships of which, are developed by cross-classification. 
The systematic development of the forms and uses of the interrelation matrix 
in Chapter VII is a discovery deduced from the quantic formula, and is be- 
lieved to be a major contribution of S-theory to Sociology. 

In this situation, S. 12, Ch. II, a social distance test in five calibrated steps, 
ranging from greatest intimacy (“I would be willing to many — ”) to greatest 
hostility (“I wish someone would kill all such persons”), was, for greater relia- 
bility, given twice to a student population in Syria. Two-way distances were 
secured between all pairs of six plurels and one-way distances towards the re- 
maining five plurels. The remarkable finding that emerged, was, that between 
plurels, friendliness was almost constant, while popularity was highly variable. 
Note the almost identical means expressing the equal average friendliness of 
each plurel in the last column, compared with the variable means expressing the 
dispersion of average popularity of the plurels in the bottom row. This finding 
stated symbolically and using cross scripts, is: * * 

'(“W)p - 1.6 *( M Ir':p)p= 10.8 Z' (a) , 

y • 

The ratio of in-group to out-group distances (main diagonal cells to all other*** 
cells) was 1/10. Its (cross-scripted) formula is: ^ 

f* \ , 

10 M (I/;/) p = f " (b) 

* +T 

Comment on notation: ^ 

In the “Brief-S” formulae (explained in Chapter IX) of findings, the first one (a) 
states that in the six plurels expressing attitudes (“expressors”), | P , the standard 
deviation, '|, of the average attitudes, M I, of one plurel, j p >, towards the six plurels, 
| ; p, (including itself) was 1.5, and that among those six plurels the standard de- 
viation, *()?, of the mean attitude of the six expressors M I P , corresponding to a 
particular one of the six “receivers,” |p', of attitude was 10.8. The dispersion of 
popularity is seven times the dispersion of friendliness (10.8/1.5 = 7.2). 

The in-to-out distance ratio formula (b) states that among 6 expressor plurels, 

| p , 10 times the mean, 10 M I, of the distance of one of them to itself, I / : /, equals 
the mean among the thirty pairs of plurels, M | p: p, of the distance of any one of 
them towards another one, L : //. 

To one knowing the standardized meaning of the symbols of S-theory, the 
legend for the situation is sufficient. The findings of trends, or other generaliza- 
tions revealed in the data, can then be stated, as in (a) and (b) above, without 

necessity for further legend. . _ , 

Note that the M and cr symbols act as operators, directing the reader to com- 
pute the mean and standard deviation in the population specified. 
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S. 13 




Armament or Education? 





Unmmm —The Largm tn the AJ&WU 

^ ■v *<- ^ 

Thtt xfowrt WV « few *f K* m**Y 





l '* r *'**» * - . ^ 

universities like this, each a permanent 

cost of one 


IV^ * fa 



** & *> , 

f^al ship, jvhicfisqon becomes obsolete. 


' * • v # ->i;v 
*ISm4'iLl.,/ , Av ,V- ' ■ - 




p & v fi r C f 


Hgi$ v "; .%■ Uv- ... . ,< -v. ", ., ' 

®S&V ; i3l^;Unitfcci .States- has begun the 

capital ships. 


No. 


f S.”* ***** m Exhibit, Disarmament Education Committee, Washington, D.C., Card 


Descriptive formula: Si 3 = I v « w 

Legend: 

Su = The situation 

records 

I = in an unstated number of dollar 

units 


Quantic number = 0;1;0;0 

Iv = universities 
- = and 
|w = warships 


nn equation between 
the values 
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Comment: 

The direct statement equates the two universities with a warship in dollar 
units, but the question implies other units of “value/’ however intangible, in 
the reader’s mind, in terms of which he is asked to decide whether the equality 
should read “greater than” or “less than.” His decision, of course, reveals his 
pacifistic or militaristic set of values. To show explicitly this implied second set 
of units of “value,” a multiple classification script of 2 could be written, cover- 
ing both members of the equation thus, Ii ; ( V > W ), where 1 1 = 2, namely the dollar 
and the ethical valuations. < 

It is a psychological phenomena that people are able to make judgments of 
inequality without consciously conceived units, as in phrases such as, “uglier,” 
“easier,” “ more spiritual,” etc. It is a contribution of S-theory to provide sym- 
bols for dealing mathematically with such subjectively quantified qualities, in- 
cluding all kinds of human values. The progressive development of conscious 
and eventually standardized units for such phenomena may be facilitated by 
symbols explicitly denoting the unknown ordinal units, and making their current 
degree of precision and reliability subject to experimental checking. 


S. 14 


The next four pages contain 52 lines with 7 pictures in each line. In every line, 
the first picture is to the second as the third is to one of the four to the right. Cross 
out the correct one. 

In the line below, “ CHEST is to SHIRT as FOOT is to SHOE.” The SHOE is therefore crossed out. 




This line is also marked correctly. 



On the next four pages, do as many of the 52 items as you can in the time allowed 
Work quickly. If you come to one you cannot do, skip it. Cross out the one correct 
picture of the four at the right in each case. 


Re£; Dodd, Stuart C., Princeton N.R.C. Tests , Trial Form B, Test 2, 1924. 
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Descriptive formula: Sh = (19/// -////(/vj))i 

Legend: 

S u = The situation 
is a record of 

I, jr/ = a ratio, or relation of 2 at- 
tributes which are here pic- 
tures 

- = and which is equal to 

l////rr= a ratio of two other attri- 
butes 


Quantic number = 0;0;0;0 
with 

|i = 3 extra attributes for com" 
parison 

c ) = all repeated in each of 
|i = 3 such “analogy” problems 


Comment: 


"Hie analogy type of intelligence test item requires the completion of a quali- 
tative proportion, whether of pictures or words, by choosing that one element 
out of several alternatives which makes a perfect proportion, or equality of 
ratios. This type of item has long been in use by psychologists, but standardized 
symbols integrating such qualitative thinking with the quantitative technics of 
conventional mathematics may prove a major contribution of S-theoiy. 

Comment on notation: 


1. The equality can be written between indices just as well as between scripts 

thus: I?/„ == K„/ ( , Vij) . But, without a legend, this does not show as clearly that 
all the attributes are of one kind. y 


2. The quantities in the legend can always be written as digits before their 
rasp^tove scnpts. The legend then becomes almost unnecessaiy, except to 

specify what the qualitative symbols represent m the given situation. Rewrit- 
mg the formula thus, gives: 


S = (19/// -/////v, 3j, 3i) 

Legend: 

1° = A picture 

The essential pattern of the formula is unaffected by the specific aualitativp 

“ of “ pi ?T'” “ h ”’. 

characters, or any other qualitative characteristics 118 ’ ThJ? . hi . Storic u al 
specific forms of the ceneral ; 0 , • ten ®“ lcs * Tile kgend giving the 

•M. fc formula provide to marofLdaely JwJ ““ p f ed . *° ‘J* V 
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S. 15 



Punched card such as was used by the United States government for tabulating the 

1910 census by card-sorting and tabulating machines. 

Ref.: Brinton, Willard C., Graphic Methods far Presenting Facts, McGraw-Hill Book Company, Inc., 
1914, p. 320. 


Descriptive formula: Sis = 'T° : 'P : I?’ 1 

Legend: 

Sis = The situation 

is a record of 

'T° = a particular date, 1910, 
on which for 


Quantic number = 0;1;0;1 

'P = a particular person there is re- 
corded 

I?’ 1 = the attributes and indicants of 
the U.S. census data 


Comment: 

This situation has a type formula which covers any schedule card, case record, 
filled-out questionnaire, or other type of data sheet, for an individual on a date. 

Comment on notation: 

Note that the particular date script on the time index involves an exponent of 
zero as it denotes a point of time, a static situation. The particular person script 
on the population component is written with an exponent of unity because there 
is, present and affecting the situation, a positive quantity of population greater 
than zero. The zero exponent, P°, would denote a value of 1, but an unidentified 
factor not aff ecting the situation, whereas the 'P 1 , although it also has the value 
of one, denotes a person identified by the descript and definitely affecting the 
situation by changing it from a measuring instrument to a record of one person s 
scores, and from a quantic number of 0;1;0;0, meaning an indicator only, to a 
quantic number of 0;1;0;1, meaning a distribution of scores of a population 
(here the lower limit of a population, one person). 
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The Evolution of the Wheel 

Here is pictured the development from the log used by a savage to roll his canoe along the 
beach to the modem -wheel with its pneumatic tire. We build upon the progress of the past. 


Ref.: M a rsh a l l, Leon C., The Story of Human Progress, The Macmillan Company, 1925, p. 164. 


Descriptive formula: Si 6 = t T~ 1 : 1° 
Legend: 

Sie = The situation 
records 

*1 = 5 dates 

T -1 = at unspecified intervals 


Quantic number = 9;0;0;0 

: = to each of which 
there corresponds 

1° = a style of wheel 


Commend on notodion: 

* velocity ° f lhe 

be W ! itt ? n ^ <“**» inerted, reducing the 
denoted by S attribute, Ss: “ ° f qualitatlve characteristics that are 


s = StJ-l . JO 

Legend: 

1° = A style of wheel. 
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Ref.: Yano, T. and Shirasaki, K., Nippon, A Chartered Survey of Japan , Kokusei-Sha, The First 
Mutual Building, Kyobashi, Tokyo, 1936, Chart 131, p. 335. 


Descriptive formula: S17 — P p : I 

Legend: 

S17 = The situation 
records 

P p = 10 national plurels 


Quantic number — 0;1;0;1 

- = (with unspecified population) 

: = each with corresponding 
I = life insurance 


Comment: 

The point of such a distribution as this is to show the absolute amounts of 
the characteristic possessed by the plurels and the dispersion of it among the 
plurels. The dispersion is usually measured by the standard deviation, but in 
the absence of norms from other comparable situations, a sigma of “x million 
dollars ” does not mean much to the reader. It can be made more meaningful by 

stating the dispersion as a percentage of maximal dispersion. In monopoly 

p 

the sigma is maximal. Its formula is ((2I) 2 /p)- 5 . The sum of all the insurances 

1 

is squared and averaged by dividing by the number of plurels, and the square root 
taken. At the other extreme is equality among all the plurels with a sigma of 
zero. The percent of maximal dispersion here is the actual dispersion /maximal 
dispersion =, (569/811) = 70% of the total insurance. Among these 10 nations 
the situation is 70% of the way from complete equality towards complete monop- 
oly of the total life insurance in force. Since the results of competition vary from 
equality of the competitors to a monopoly by one of them of all the desideratum 
competed for, this index of the percentage of monopoly has a direct relation, as 
will be seen later, to the measurement of competition. (See Eq. 19, and Eqs. 47a, 
48, 49, Ch. X for detailed formulae.) 




96 


THE SECTORS OF SOCIETY, (I') 

S. 18 


[Pt.I 


[ You may travel in a commercial plane with considerable confidence for 
1 the records show that fatalities average around 10 million passenger miles 
per death That seems like a good many miles, but hour for hour you are in 
much more danger in a plane than on your front porch or m your own car. 
Private automobile accidents produce one death about every 15 to 20 million 
passenger miles. Bus travel rings up about 1 death per 50 million passenger 
miles unless I miscompute. In fortunate years railways have the excellent 
record of 1 passenger death in about 1/2 billion passenger miles. The total 
death due to railroad trains is about 10 times as great as this^ that is, 1 
person is killed about eveiy 50 million passenger miles, but this includes 
employees, trespassers and crossing accident victims. 


Me}-: Furnas, C. C., The Next Hundred Years, Reynal and Hitchcock, 1936, p. 271. 


Descriptive formula: Sis = (%PL 1 T“ 1 ) 

Legend: 

Sis = The situation 

reeords for each of 

[„ = 5 transportation plurels (air- 
plane, auto, bus, and railroad 
passengers, and railroad total) 

Comment: 

The values of the index are: 
Airplanes 


i 

Quantic number = 9;0;9;1 

( ) = an index consisting of 
% P = the passenger death rate 
L _1 = per mile 
T -1 = per year 


= 100 in a billion = 100 X 10 -9 
50 in a billion = 50 X 10 -9 
20 in a billion = 20 X 10 -9 
2 in a billion = 2 X 10 -9 

20 in a billion = 20 X 10~ 9 


.000,000,100 
Autos .000,000,050 “ at best 

Busses .000,000,020 

&.R. (passengers) .000,000,002 
RJEL (ail) .000,000,020 


)) 


As noted above, the joint occurrence of a positive and a negative exponent of 
tuu^y, as in the population rate here, instead of being denoted in the quantic 
number by the two digits, 1 and 9, is arbitrarily assigned the digit of 1. It is 
stM a primary index with its units merely shifted from an absolute number of 
pemms to a relative number. 
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S. 19 

NUCLEATED SOCIAL INSTITUTIONS 


Four Type Parts 

Family 

Church 

Government 

Business 

I. Attitudes 

Affection 

Reverence 

Subordination 

Workmanship 

and behavior 

Love 

Loyalty 

Cooperative- 

Thrift 

patterns 

Loyalty 

Fear 

ness 

Cooperation 

Respect 

Devotion 

Fear 

Obedience 

Loyalty 

II. Symbolic 

Marriage ring 

Cross 

Flag 

Trade-mark . 

culture 

Crest 

Ikon 

Seal 

Patent sign 

traits, 

Coat of arms 

Shrine 

Emblem 

Emblem 

“symbols” 

Heirloom 

Altar 

Anthem 


III. Utilitarian 

Home 

Church edifice 

Public build- 

Shop 

culture traits 

Dwelling 

Cathedral 

ings 

Store 

(real prop- 
erty) 

Furniture 

Temple 

Public works 

Factory 

Office 

IV. Code of oral 

Marriage li- 

Creed 

Charter 

Contracts 

or written 

cense 

Doctrine 

Constitution 

Licenses 

specifications 

Will 

Bible 

Treaties 

Franchises 


Genealogy 

Mores 

Hymn 

Laws 

Ordinances 

Articles of in- 
corporation 


Ref.: Chapin, F. Stuart, Contemporary American Institutions , reprinted by permission of Harper and 
Brothers, 1935, p. 16. 


Descriptive formula: S» — P p :: 1°} 

Legend: 

S19 = The situation 

is a record of 

P p = 4 institutional plurels 
_ = (with indefinite populations) 

:: = cross-classified 

with their 

Comment on notation: 

1. This classificatory analysis of social institutions is an example of a qualita- 
tive matrix. Four kinds of plurels occupy the columns; four kinds of characteris- 
tics occupy the rows; and the cells contain listed kinds of subcharacteristics. As 
usual in qualitative matrices, including contingency tables, both the rows and 
the columns are commutative, that is, their order or sequence is immaterial. A 
different arrangement of them would not affect the value of the matrix. 

2. Whether to consider the institutions, family, church, government, and 
business, as plurels (of indefinite size), or as attributes (i.e., qualitative char- 
acteristics), is an issue. The former seems more sociologically significant, for a 
human institution is never existent without people. The P p is condensed nota- 
tion, as usual, from I°P by Eq. 4, Ch. IV, which denotes the product of the in- 
stitutional attribute, i.e., its name, and the persons in it. 


Quantic number = 0;0;0;1 
1° — “ type parts ” 

in 

| i = 4 classes 

each with 

| j = 3 or 4 examples, or subclasses 
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VALUES OF PRODUCTS OF MANUFACTURES IN THE SEVENTEEN 

LEADING STATES, 1870-1900. 


.MASS.. 

OHIO 


1900 

1600 1500 2000 


1890 

millions of dollars 

o 500 1000 1500 0 


1880 


500 1000 0 



1870 


IN.Y 


MASS. 

OHIO 


! WlS.p?5 

MICHkzSi 

CONNE3S 


CONN. 

MICH. 


IND. 


MINN 


WIS. 


KAN.) 


IOWA 


MINN. 


N.H. 

CAL. 


] ^ Dt0D ' WOlard C., Graphic Methods for Presenting Facts, McGraw-Hill Book Company, Inc., 

p< DO- 


Descriptive formula: S* = ^T* 1 : P p : (IT -1 ) 
Legend: 

S 20 = The situation 

is a record of 

ti • 4 intermittent periods — 


T -1 = a decade each 

* u i “ with corresponding terminal 
dates stated 


T~i = 


Quantic number = 8;1;0;1 

and corresponding to each 
period 

20 State plurels 
and for each 

an indicant of manufacturing 
production 

per year 


Bst of the'^^nri^T^ e ^ D ^ na ^ e ^ an d three others recruited in this 

bates the process of m f manufacturin 8 from 1870 to 1900, illus- 

w of Rectum resulting from competition 
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THE STANDARD ERROR OF A “SOCIAL FORCE 7 ' 

I. DEFINITIONS 

In the theory of measurement of social forces certain special cases of fre- 
quent occurrence where the population shifts from one date of measurement 
to the next require the derivation of appropriate standard error formulae. 

The theory may be briefly restated 1 in equations as follows: any measur- 
able social change, C, in a population, P, may be defined as the difference 
in mean scores, S, from surveys or measurements on the dates denoted by 
subscripts 


The momentum of a social change may be defined as the product of its time 
rate in years and the population that is being changed 


M^x = P 72-i 

PC 2-1 


7T- (8* - Si) 

I 2-1 


( 2 ) 

(2a) 


where 7 2 _i is the period from date 1 to date 2 and V is the velocity, or speed 
of change, in that period. The acceleration of a social change is definable as 
the rate of change of the velocity of change 


^4-3 - V 2-1 

.57 (4+3-2-1) 



where each velocity, being an average for its period, is taken as representing 
the mid-date of that period. 

The resultant social force which produces a measured change is now defin- 
able as that which accelerates the change in a population. It is measurable 
as the product of the acceleration and the population. 2 

' F = AP (4) 

^ p / Si §2____s L 

.57(4 + 3-2-l)\7 2 -l 7 2 _i 7 4 -3 + 7 4 _a/ W 

1 A Controlled Experiment on Rural Hygiene in Syria, Dodd, S. C., Publications of the Ameri- 
can University of Beirut, Syria, Social Science Series, No. 7, 1934, pp. 336. 

Also, A Theory for the Measurement of Some Social Forces, Dodd, S. C., Scientific Monthly, Vol. 
XLIII, No. 1, July, 1936, pp. 68-62. 

2 Force thus defined in terms of its effect is a resultant force, i.e., the residual force after deduct- 
ing all resisting forces from the total force in the direction of the change observed. This formula 
defines quantitatively and exactly the “net” force not the “gross” force. 


* 


Ref: Dodd, Stuart C., “The Standard Error of a ‘Social Force,’” The Annals of Mathematical Sta- 
tistics, Vol. VII, No. 4, Dec., 1936, pp. 202-209. 
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Descriptive formula: Sn - F 

Legend: 

Sa - The situation 
ss F = defines a societal force 
as the product of 
p = a population 
and 


T/T' 1 //(IT -1 ) Quantic number - 8;1;0;1 

,T -1 = the time rate of change 

of 

^T -1 = a velocity 

of 

I = an indicant 


Comment: 

An effective societal force is here defined as a population times its accelera- 
tion in some societal change, F = PIT -2 . The concept of the momentum of a 
societal change is defined “en route” in building up the formula for force, as 
the product of the population and its velocity of change, Mm = P(IT 2 ). 

Comment on notation: 

1. Since the data are usually given for dates or periods and not as a smooth 
curve, mid-dates of periods must be used to state average velocity and acceler- 
ation.’ The date scripts can specify this more precisely for the beginner, yielding 
the formula as written with less condensation: 

F = .5 "-'T - 1 : 1), where '|, "|, /v |, 

denote successive dates bounding the two periods in which the velocity of 
change must be observed. 

This notation states that the amount of change in the indicant between 
dates '| and "| is divided by the time interval between those dates to get the 
velocity for the first period. This velocity is subtracted from the velocity of the 
second period. This change of velocity (in the parenthesis) is divided by the in- 
terval between mid-dates. This interval is the average of the last two dates, 
tftt+rt t their mid-date) less the average of the first two dates, .5 /+// T. 

(Bee Chapter XI for fuller discussion.) 
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S. 22 


A GRAPH OF A BUDGET PREPARED ON A COSMOGRAPH 


SALES 

PRODUCT A 60% 


SALES 

PRODUCT B 8% 


SALES _ 
PRODUCT C 36% 


EARNED ON 
INVESTMENTS 4 % 

MISCEL- 
LANEOUS 3% 



COST 
25%PRODUCT A 


COST 

4%PR0DUCT B 
COST 

|11%FR0DUCT C 


2% SHIPPING 


^ COMMIS- 
26% SIONS 


„-or BRANCH 
Jo/0 OFFICES 

. nOi GENERAL 
'O /O SELLING 

■1% ADVERTISING 
o 07 GEN. & AD- 
/<3 MINISTRATIVE 
-1%DEPRE- 
^CIATION 
'2%RESERVES 

;3%LEGAL FEES 
NET 

16% PROFIT 


Ref,: Arkin, H„ and Colton, R. R., Graphs: Iiow to Make and Use Them, reprinted by permission of 
Harper and Brothers, 1936, p. 113. 


Descriptive formula: S 22 = (IT" 1 ) : k 

Legend: 

S 22 = The situation 

records 

T" 1 = an annual 
I = financial indicant (budget) 

I- = in 2 equal classifications 

namely: 

Comment on notation: 

1. Since the class-interval script on the indicant is reserved for classes (such 
as units) that are equal and qualitatively alike, the subclasses here, which are 
unequal and qualitatively different, are denoted by a subclass script, |k. 

2. Dynamic indicants which denote events, action, behavior, are denoted by 
the index, (IT -1 ), in distinction from change of a static indicant which exists 
undiminished no matter how infinitesimal the duration of the observation is 
made. Change of a static indicant is denoted by T" 1 : 1, meaning the change 
of I-units corresponding to the duration T. Thus in financial accounting, finan- 
cial “statements” of assets, liabilities, and proprietorship on two dates are 
static indicants, whereas expenditure and income, as here, are dynamic indicants. 
This distinction between dynamic and static indicants has been consistently de- 
noted throughout S-theory and has proved useful. (Compare Eubank, E. E., 
Concepts of Sociology, D. Q. Heath a^id Co., 1931, Part III, subdividing Societary 
Change into Action and Relationship.) 


Quantic number = 9;1;0;0 
\ f = income 

and 

\„ = expenses plus profit, 

each with corresponding 

|t = subclasses 
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FACTORIAL MATRIX F 4 


r common factors 

n specific factors 

n error factors 

an aix dn * * ‘ flir 

611 

C 11 

an an an • • • a* 

2) 2 2 

C22 

Qai a%t an * • * air 

b 33 

C33 

* * * djm 

# 

ki 

Cjj 

Qnl a n s OnS * ’ * dnr 

bnn 

Cnn 


Refj Tburstone, L. L., The Vectors of Mind, Univ. of Chicago Press, 1935, Table 2, p. 57. 


Descriptive formula: S 23 = L: j : t 

Legend: 

Ss = The situation 

records 

Ii ss n tests 

each subclassified into 


Quantic number = 0;1;0;0 

|j = 3 types of 11 factors ” — com- 
mon, specific, and error 

subdivided into 

|k = the 2n + r factors 


This S illustrates the components (which are also called factors) derived by 
psychologists from the intercorrelation coefficients of a set of tests given to one 
population. These types of analyses which involve complicated matrix and de- 
terminantal algebra to derive their centroids, principal axes, or other type of 
components, can readily be handled in the notation of S-theory. Thus, the fact 
that the oblong matrix, here presented, is subdivided into three submatrices 
is very simply specified by the colon symbol of subclassification. 
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We Hope for the Day when Men Will Work 
as Zealously for Society as for Themselves 


Ref.: Marshall, Leon C., The Story of Human Progress, The Macmillan Company, 1925, p. 411. 


Descriptive formula: S24 = p P : P p ' .’^IT” 1 ) 

Legend: 

S24 = The situation 

records 

p P — 3 particular but unnamed 
workers (i.e., types) 

and each in relation to 

P p / = a type of employing person or 
plurel 


Quantic number — 9;1;0;2 
showing 

l ( ) = an ordinal index 

of 

IT” 1 = zeal or production per period 
in unspecified units 


'P 


Comment: 

This situation is a partial interrelation matrix of the “ asymmetric principal 
pairs ” type. Full interrelation (see S. 12) involves the relation of eveiy one 
of P persons (or plurels) in rows, cross- 
classified against every one of those P per- 
sons in columns. Asymmetric interrela- 
tions are from the submatrices of quadrants 
1 and 3 at right, where (as here) employees 
are shown in relation to a different set of 
persons, i.e., employers. But in this situa- 
tion, S. 24 , only the pairs in the principal 
diagonal of the 3 X 3 submatrix, quadrant 
No. 1, are involved, hence it is specifiable 
as the asymmetric principal pairs part of 
the interrelation matrix. All interrelations 
of people in respect to one characteristic 
at a time can be systematically represen- 
ted by the interrelation matrix, including 


'P 

"P 




*p 


#2 



n 



#3 



n 



parts of it, and by summarizing indices of parts or of the whole. 
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Comment on notation: 

I Xote that the underlining symbol of indefiniteness when coupled with 
the person script or any singular script can denote a type (a particular but un- 
identified case, therefore any one of its kind). This definition of a type, as 
substitutable for every one of the members of the class typified, is the most in- 
clude mathematical definition of a mean, M, of n variates, x. 

ffxi Xs • • • Xn) = F(M, M, * • • , M). (See Dodd, E. L., University of Texas, 
' ’ Bulletin 3606, 1936, p. 32.) 

2. The “zeal” of work, expressed in pictures, is in ordinal numbers, i.e., 
numbers in a series each greater than all on one side of itself, and less than 
all on the other side, but with no assertion that the successive numbers are 
equal steps. Ranks are such ordinal numbers contrasted with cardinal numbers 
which are multiples of equal interchangeable units. Ordinal indicants may be 
denoted, as here, by the case script specifying points on a scale, without the 
connotation of equal intervals contained in the class-interval script. 

S. 25 



° f Political Bconomv ' Univ - of 


Descriptive formula: = pP :: J : J 


Quantic number = 0;2;0;1 


records 

pP = labor population 


* * 


il = an indicant of capital 
«* — with a corresponding 
jl = indicant of production plotted 





I t 
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Comment: 

The situation as presented in the graph is analyzed into the descriptive 
S-formula above. It is a correlation expressing the dependence of one variable 
(production) on two other variables jointly. Study of the text of the article, 
however, reveals that the graph’s curves are not observational data, but the 
plotting of the calculative formula: jl = iI*P 5 , which expresses a hypothesis 
as to the functional relation of two of the factors of economic production. In 
this equation the correlation is perfect, r = 1.0, i.e., production is exactly equal 
to the function on the right without allowance for any error of estimate. 

Comment on notation: 

1. The jl, il, and p P of S-notation represent the P, C, L respectively of the 
notation on the graph. 

/ 



D 

i 



106 


Ref.: President's Research Committee, Recent Social Trends , McGraw-Hill Book Company, 1933, p. 296. 
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S. 26 ( Continued ) 


Descriptive formula : S 26 — *T 1 : (t T 1 ^ Pp .■ q 

Legend: 

S 26 = The situation 

is a record 

*p-i = at each of 3 decennial census 
dates 

and for each of 

| r = 6 Chicago census tracts 
(plurels) 

of a population pyramid 
or matrix 

of 


) r Quantic number = 91 ;0;0 ;1 

tT 1 = 18 5-year ages, 

2 '| = up to 90 years, 

for each of 
| p = the 2 sexes 

with corresponding 
P = frequencies of persons 

in 

| q = 2 classifications — actual and 
theoretic 


Comment: 

The hypothesis that population pyramids are normally isosceles is checked 
in this set of urban pyramids revealing them to be non-normal, as they come 
from areas with little genetic population and mostly from an occupational 
(commuting) population with its excess of males and of adults of gainfully- 
occupied ages. 

The tendency towards isosceles pyramids is measurable by the formula 
T*P < 0, which states a negative (<0) correlation (•) between age and fre- 
quency of people. When the pyramid is exactly isosceles the correlation co- 
efficient is perfect, i.e., T • P = —1.00. 

Comment on notation: 

1. This is a fifth-degree matrix. The 1512 population cell entries are in 2 

reality arrays, | q , by 2 sex arrays, | p , by 18 age arrays, t|, by 7 tract arrays, | r , 
by 3 date arrays, 4 |. (2X2X18X7X3 = 1512.) 

2. The difference between the positive and negative exponents of unity on 
the temporal indices distinguishes change from duration (which is also change 
but a relatively slow one). A common initial date connotes a velocity of change 
denoted by T -1 , whereas a common terminal date such as the present moment, 
and variable initial dates such as the birthdays of a population, connote dura- 
tions up to the present, T +1 . A single population remeasured at different ages, 
as in growth studies, connotes velocity of change and is denoted by T" 1 . 
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A TENSION THEORY OF SOCIETAL ACTION 

The ratio of the average intensity of desire (D) of a population (P) for a 
specified desideratum to the amount of the desideratum available (V) equals 
and defines a i { coefficient of societal tension (E) 

PD 

E = — (the simple tension equation) 

A matrix of such equations repeated for varying dates or periods ({1) for var- 
ious plurels (1 P ) with either persons (P) or sub-plurels ( p l) as units, for var- 
ious values (D with varying exponents (I s ) • 

t; p(PD = VE)v: P (the matrix tension equation) 

can describe quantitatively in symbols many historical as well as theoretical, 
actual as well as planned, societal situations and developments. Derived 
equations serve to define many societal processes and their corresponding 
relations such as “conflict,” “competition,” “accommodation,” “co- 
operation,” “association,” “differentiation,” “progress,” and other socio- 
logical concepts. 


Descriptive formula: S27 = fT -1 : p (PD = VE)£ ;;v Quantic number = 9 ;1 ;0;1 

Legend: 


Ss? = The situation 

records 

( = ) = an equality of indices 

on 

{T = a series of dates and/or 
periods 

among 

p|p = aggregations of plurels 

:: — cross-classified with 

|t = a set of indicants of desider- 
ata 

I* = with varying pattern of ex- 
ponents, 


the indices being a product of 
P = a population 

times 

D = its average intensity of desire 
equaling the product of 
V = the quantity of the desider- 
ata 

times 

E = an equilibrating coefficient 


tension, or equilibrium, theory of societal action is an example of the 
fruitfulness erf objective symbols in theoretical research. It was the first step 
m *“ development of the S-theory. By manipulation of this tension theory 
eqfOwaon, more than thirty of the societal processes which involve desiderata 
( L e humm* desires of any kind) have been defined. Thus “ competing/’ illus- 
trated in b. 20, is an example where the standard deviation of the gains and 
iMHong a set of competing plurels in respect to a desideratum measures the 
ss a percentage of the maximal possible competing. S imil arly, “ef- 
feeiro ctHjperabng” may be defined as the increase of the desideratum, V, 
the efforts of the persons or plurels desiring it. “ Effective con- 
58 as the decrease of the population, P, resulting from competitors 
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ceasing to strive exclusively for the limited desideratum and turning to elim- 
inating some of the population competing for that desideratum. 

Generalizing these equations of this tension theory led to developing the basic 
S-theory equation (Eq. 50, Ch. II) and consequently all the equations in this 
volume. 


S. 28 



The distribution of independent countries in Europe, North 
and South America, according to time of first postage stamp 
issue; five year intervals, 1830-1885. Fitted with the curve of a 
normal frequency distribution of which the a is 9.0 and Y 0 is 8.2. 


Ref.: Pemberton, H. Earl, “The Curve of Culture Diffusion Rato,” American Sociological Review, 
Vol. I, No. 4, Aug. 1936, p. 652. 


Descriptive formula: S 2 s = tT -1 : (I° p PT -1 ) 
Legend : ~~ 

S 28 = The situation 

records 

t| = 11 periods 
T" 1 = of 5 years each 
'| = from 1830 on 
: = corresponding to which are 
Comment: 


Quantic number = 8 ;0 ;0 ; 1 

p P = a frequency of national plurels 

adopting 

1° = postage stamps 
T -1 = per period 


These data on the rate of diffusion of a culture trait are fitted by a normal 
probability curve. The hypothesis was that since the adoption of postage stamps 
was determined by a large number of small and more or less independent causes 
cumulatively operating to bring governments to such a decision, the normal 
curve, which is the resultant of many small, independent elements, would de- 
scribe the data well. The goodness of the fit of the curve to the data is the degree 
of verification of the hypothesis, that this cultural diffusion follows the normal 
probability law. 

The equation of the fitted normal curve above in the S-notation of the legend 
is: 


8.2 

2.71 



ftftfeISft $8338 856883 88838 88888 8SS38 88888 
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ANNUITY RATES 


Birtk- 


10 


Cod of an 
Annuity of $ 100 
per Annum 
Payable Yearly 

Males 

Females 

\wm 


1998 

2026 

1987 

2015 

1975 

2005 

1963 

1994 

1951 

1983 

1939 

1972 

1927 

1962 

1915 

1951 

1903 

1940 

1891 

1930 

1879 

1919 

1866 

1908 

1853 

1897 

1840 

1885 

1827 

1874 

1813 

1861 

1798 

1849 

1784 

1836 

1769 

1823 

1753 

1810 

1737 

1796 

1720 

1782 

1703 

1767 

1685 

1752 

1667 

1736 

1648 

1720 

1629 

1704 

1609 

1687 

1588 

1669 

1567 

1652 

1545 

1634 

1523 

1616 

1501 

1597 

1478 

1578 

1455 

1559 


Amount of Annuity, Payable as Indicated, 
Which $1000 Will Purchase 


Yearly 

Pay- 

ment 


$49.78 

50.05 

50.33 

50.63 

50.94 

51.26 

51.57 

51.89 

52.22 

52.55 

52.88 

53.22 
53.59 

53.97 

54.35 

54.73 

55.16 

55.62 

56.05 

56.53 

57.05 

57.57 

58.14 

58.72 

59.35 
59.99 

60.68 

61.39 

62.15 

62.97 

63.82 

64.72 

65.66 

66.62 

67.66 

68.73 


Maks 


Half- 

Yearly 

Pay- 

ment 


$24.58 

24.72 

24.85 

25.00 

25.15 

25.30 

25.46 

25.61 

25.77 

25.93 

26.10 

26.26 

26.44 

26.62 

26.81 

27.00 

27.20 

27.43 

27.64 

27.87 

28.12 

28.38 

28.65 

28.94 
29.24 

29.55 

29.89 

30.23 

30.60 

31.00 

31.41 

31.85 

32.30 

32.77 

33.27 

33.78 


Quar- 

terly 

Pay- 

ment 


$ 12.21 

12.28 

12.35 

12.42 

12.49 

12.57 

12.65 

12.72 
12.80 

12.88 

12.96 

13.04 

13.13 

13.22 

13.31 

13.40 

13.51 

13.62 

13.72 
13.84 

13.96 

14.08 

14.22 

14.36 

14.51 

14.66 

14.83 

15.00 

15.18 

15.38 

15.58 

15.79 

16.02 

16.24 

16.49 

16.74 


Females 


Yearly 

Pay- 

ment 


$49.14 

49.36 

49.63 

49.88 

50.15 

50.43 

50.71 

50.97 
51.26 

51.55 

51.81 

52.11 

52.41 

52.71 

53.05 

53.36 

53.73 

54.08 

54.47 

54.85 

55.25 

55.68 

56.12 

56.59 

57.08 

57.60 

58.14 

58.69 

59.28 

59.92 

60.53 

61.20 

61.88 

62.62 

63.37 

64.14 


Half- 

Yearly 

Pay- 

ment 


$24.27 

24.38 

24.51 

24.63 
24.76 

24.90 

25.04 

25.16 

25.30 

25.45 
25.58 

25.72 

25.87 

26.01 

26.18 

26.33 

26.51 
26.68 

26.87 

27.06 

27.25 

27.46 

27.67 

27.90 

28.14 

28.39 

28.65 

28.92 

29.21 

29.52 

29.82 

30.14 

30.47 

30.83 

31.19 
31.57 


Quar- 

terly 

Pay- 

ment 


$12.05 

12.11 

12.18 

12.24 
12.30 
12.37 

12.44 

12.50 

12.57 

12.64 

12.70 

12.77 

12.85 

12.92 
13.00 

13.08 

13.16 

13.25 

13.34 

13.43 

13.53 

13.63 

13.74 

13.85 

13.97 

14.09 

14.22 

14.35 
14.49 

14.65 

14.79 

14.95 

15.11 

15.29 

15.47 

15.65 
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Age 

Last 

Birth- 

day 

Cost of an 
Annuity of $ 100 
per Annum 
Payable Yearly 

Amount of Annuity , Payable as Indicated , 

Which $ 1000 Will Purchase 

Males 

Females 

Males 

Females 

i 

Yearly 

Pay- 

ment 

Half- 
Y early 
Pay- 
ment 

Quar- 

terly 

Pay- 

ment 

Yearly 

Pay- 

ment 

Half- 
Y early 
Pay- 
ment 

Quar- 

terly 

Pay- 

ment 

46 

wm 


69.88 

34.34 


64.94 

31.95 

TO 

47 



71.07 | 

34.92 

n 

65.83 

32.38 


48 

1382 

1499 

72.36 

35.54 

wm i 

66.71 

32.81 


49 

1357 

1478 

73.69 

36.18 

H ffim 

67.66 

33.27 


60 

1331 

1456 

75.13 

36.87 

um 

68.68 

33.76 

HU 


Re}.: Prospectus , Sun Life Assurance Company of Canada, p. 25, 


Descriptive formula: S 29 = tT +l :P p : U T 1 :%I Quantic number = 19;1;0;1 

Legend: 


S 29 = The situation 

records 

t T = 41 ages 
'| = beginning at 10 
P p = for each sex 

for each of which there cor- 
responds 


uT 1 = 3 periods of premium pay- 
ment 

with corresponding 
I = premiums 

%\ = in a relative number of dol- 
lars 


Comment: 

The table represents the application of well-verified laws of probability. The 
field of insurance is, perhaps, one of the best refutations of the pessimistic charge 
that the social sciences will never be able to develop quantitative laws usable 
for practical prediction of human affairs. 

Comment on notation: 

1 . The two classifications of time, the indices tT and U T, illustrate again the 
convention in S-theory of considering ages on a given date as durations prior 
to that date and denoting this with a positive exponent, while the periods of 
premium payments are considered as specifying the velocity, (T _1 ), in three 
class-intervals, of payment of the total premium. 

2 . When an indicant is expressed as a percent of a constant base indicant, 
as in index numbers, the symbol, %\, denotes this by directing the operator to 
divide the variable values of the indicant I by a constant or single particular 
value of itself. 
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(T fXHfZ 


il : pE), 


Quantic number = 9;1;0;1 


il = a hygiene indicant (score) 

among 

P | = the families 

and 

= the sigma, mean, and maxi- 
mum scores are also stated 


Descriptive formula: S 30 = 0T _1 : 

Legend: 

S 30 = The situation 

records 

|p = 3 experimental plurels 

(Ip = \h \'h | nr) 

in each of which on 

*1 = 2 specified dates 

there is stated the distribution 

of 

Comment: 

A clean-cut example of the experimental method applied upon whole com- 
munities is statistically summarized in this S-situation dealing with hvsrienic 
progress. By using cross scripts, the findings can be compactly stated without 
further legend. Thus the mean progress in each plurel is: ’t I, = 20% M T = iso/ 

“ I "' = 65 %> and the reliability of each gain as a ratio to its standard error is: 

o-(tI/) = 4, = 8, ff ( t I ,„) = 16 

showing excellent reliability since these significant ratios all exceed the conven- 
tional value of 3. 

S. 31 

The planned estimates for freight and passenger traffic and capital investments 

kzXo^iderahTv'T^/n 32 ’- ^ other respects'the attaints 

considerably. The fo owing tabIe shows the achievements for the period in 

P assen g ers carried and the capital investments made in relation 
to the estimates laid down in the Plan: 


Year 

Freight 

Million Tons 

— — ■ " 1 

Passengers 

Millions 

Capital Investment 
Million Roubles 

1 Plan 

Fulfill- 

ment 

Plan 

Fulfill- 

ment 

Plan 

Fulfill- 

ment 

1929 

165.0 

187.6 

302.3 

365.2 

518 

873 

1930 

185.0 

238.7 

337.5 

557.7 

743 

1242 

1931 

210.0 

258.3 

380.8 

723.7 

950 

I960 

1932 

T> a f . TT O Cf T 

240.3 

\ TT IT 7 -rr 

267.9 

416.7 

967.1 

1 

1187 

3000 


Descriptive formula: S 3 i = {T -1 : (Ii,P) jT^ 1 

Legend: 

S 31 = The situation 

records 

tT = 4 annual periods 
'I = beginning in 1929 

to each of which there corre- 
sponds 

Ii = an indicant of freight and one 
of capital 


Quantic number = 8;1;0;1 
and 

P = the number of passengers 
T -1 = per year 

i = in 2 classifications, planned 
and fulfilled 
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Comment: 

This extract from the Russian Five-Year Plan expresses, in a matrix, the 
degree of societal control actually achieved as compared with that planned. It 
illustrates the precision in predicting major societal phenomena as 

wellas the increasing precision in subsequently verifying such predictions. 

S. 32 


1870-79 

t 

POST-WAX DECADE 

a 

A 

f 

A 

nl 

/& 

A A A AAAI 

i 

s 

B 

ftiiiiil 

BBSS 

BBBQQ 

4 


s G£S£U4CHAffs;uND 

~ WirSCHATTSMUStUM IN WI£N 

MALTHUS WAS WRONG 

The population of the earth in the last fifty years has in- 
creased JO per cent but commercial production of cereal 
atf/a. cotton, metals, transportation has far outstripped it 

u TTT 1 -r *T\l . . 


0tto ' “ TorM Planning and the U. S. A.” Suney, Vol. LXVII, No. 11, March 1, 1932, 

Descripiwejomuk: S* = : P < (JT-*), Q mn tic number = 8 ; 1 ; 0;1 


Sas 

T -1 


n _ 


Hie situation 

is a record of 
a sixty-year period, 

beginning in 1870 
&nd a corresponding 


P = increase of population 
< = which is less than 

the increase in each of 
Ii = 5 indicants of production 
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'p-i = per decade 

in 


,| = class-intervals equal to the 
1870-79 production 


Comtnent: 

The Malthusian theory requires that the increase of population should tend 
to exceed (or may equal, if the “ checks ” are effective) the increase in the food 
supply. The reversal of the inequality sign above, in stating that the increased 
production exceeded the population increment, disproves the Malthusian theory 
in a world situation where scientific technology and birth control have developed. 



THE "QUANTIC SOLID” OF S- THEORY 
a Diagram of the Quantic Classification of Societal Phenomena 




CM 
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S. 33 ( Continued ) 

Descriptive formula : S 33 = T . . I . . L . . P p 

Legend: 

S,« = The situation 

records 

T = the temporal 
|t = exponents 0, 1, —1, and —2 
:: = cross-classified with 
J = the indicatory exponents 0, 1, 
and 2 

:: = cross-classified with 
pp = the populational exponents 0, 

1, and 2 

Comment: 

The categories of the fundamental quantic formula, which classifies all quanti- 
tative societal phenomena, are here geometrically represented as cubes. The 
phenomena symbolized by successive arrays of these cubes are systematically 
studied in the successive chapters of this volume. Each wooden cube bears a 
quantic formula and its quantic number. The fourth variable, space, L 1 , is 
necessarily omitted in this three-dimensional diagram. 

This geometric representation of the exponents and that of S. 35, diagraming 
indices and descripts, become consistent and mutually complementary if the 
linear scales in 8. 35 arc drawn on logarithmic paper. Then successive equal 
increments as of one, two, or three inches on the paper along the vectors of S. 35 
represent the successive exponents | l , | 2 , | 3 4 5 6 7 8 9 , etc., which are the successive arrays 
of blocks in S. 33 above. 

S. 34 

PREDICTIONS FROM CORRELATIONS GRAPHED AS COSINES 

In a large private University in the eastern States the 
following correlations were observed. The variables were: 

1. English - College Entrance Examination Board (C.E.E.B.) English exami- 
nation 

2. C.E.E.B. = College Entrance Examination Board, weighted average 

3. Age = candidates age at admission to Freshman year 

4. School — quartile rank in secondary school class 

5. Aptitude = Scholastic t Aptitude Test of the C.E.E.B. (Verbal section) 

6. Freshman = rank in 7 class-intervals for all Freshman courses 

7. Sophomore = rank in 7 class-intervals for all Sophomore courses 

8. Junior = rank in 7 class-intervals for all Junior courses 

9. Graduation = rank in 6 class-intervals upon graduation 


Quantic number = t;i;l;p 

_ = where base indices are of in- 
definite amounts 

all composing 

~ = the quantic solid, a geometric 
representation of the quantic 
classification 
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S = 75.5' English vs Freshman r 16 -— .25 
^0=68.3,° Age vs Fresh m an, t s6 = .37 

-'0=66.4,° School vs Freshman, r^— .40, CEEB vs Freshman, r 
'^=54.5,° 4 predictors vs Freshman, r 12345 = .68 

,0=39.6,° Freshman vs graduation r 69 = .77 
^0 = 37.8,° Sophomore vs graduation r 79 = .79 
= 37.8,° Junior vs graduation r 89 = : . 79 

‘0=25.8,° 3 years vs graduation r 9t678 -=.90 
\ 



26 


=.40 


0 .1 .2 .3 .4 .5 .6 .7 .8 .9 L0=r 


r = cos 0 = b/c in -*c^3£] a = b in circle of unit radius where c = 1 

b 

The predictive vector making the smallest angle with the criterion vector, OA, 
gives the best prediction. Its correlation is highest and its standard error of esti- 
mate, ok — c sin 0, is least. 

Two principles of prediction are illustrated here: 

1) Multiple correlation predicts better than zero order correlation. In pro- 
portion as each of a team of predictive variables correlates highly with the cri- 
terion and intercorrelates lowly with the other predictors, the multiple correlation 
coefficient will exceed the zero order coefficient. 

2) Accuracy of prediction varies with immediacy of the event predicted. The 
more remote the event, the lower the correlation, and the less accurate is the pre- 
diction. 


Ref,: Stuart C. Dodd’s Files, Notes from Report to Harvard, College Deans , 1935. 

Quantic number = 0;2;0;9 


Descriptive formula: Su = ( a I • «rl)i ; j 


Sj4 = 


(•)- 


The situation 

is a record of 

the geometric interpretation 
of 

the correlation coefficients 


Ii = 5 indicants of college achieve- 
ments 

with their corresponding 

Ij = 9 indicants of prediction 
ff | = (when in sigma units) 


COeffici ? nfe “J® her f g^ed as cosines of the angles between 
e unit-vectors representing the indicants correlated. Each coefficient is the 

prcssecfin rirmfmA ^ ^ W j 0Se sca ^ aT lengths have been first ex- 
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VECTORIAL INTERPRETATION OF S-THEORY 



Geometrically: 1) A vector represents an index , ((/') = T,I,L,P) 

2) The exponent represents the number of mutual perpendiculars 
(. Note A 3 - U X L" X //") 

8) The class script represents the number of vectors (| B - It , |i , |i , | P ) 
J() The class-interval script represents the number of line sects 

(s| = t| , i| , l| , p|) 

5) The case script represents the number of specified points 

( a l - *1 , *1 , *1 , p l) 


Ref.: Department of Sociology Year Book (Typescript), American University of Beirut, Vol. VIII, p. 279- 


Descriptive formula: S 3 g = {Tt 1 , lit 1 , 

Legend: 

S 35 = The situation 
records 

= the vectors 

representing 

T t = 2 time indices, 

Ii = 3 indicant indices, 


iLt 8 , pPp 1 Quantic number = 1;1;3;1 

L? = 1 length index, cubed 

and 

P p = 2 population indices, 

and 

:| = their points and sects 


Comment: 

This diagram 39 presents the geometrical meaning of indices, as vectors, and 
of their descripts. In addition to the five interpretative comments below the 
diagram, the following equivalences in vectorial, geometric, and statistical terms 
may be noted; 
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Some equivalences 


in vector algebra 40 


(6) Scalar product of vectors: 

(7) Scalar product of unit vectors: 

(8) Scalar product of perpendicular vec- 
tors, Ii -L L: 

(9) Scalar product of collinear vectors, 

hill: 

(10) Scalar product; of collinear and equal 
vectors, Ii = Ij : 

(11) Sum of vectors: 

(12) Difference of vectors: 


_Ii • Ij = Iilj cos 6 
/Ii • /Ij = cos 6 



« Iilj 

Ii • Ij — If 
Ii + I j = OC 
Ii - Ij = BA 


geometry and 

(6) = area CI7 OBEF 41 

(7) = area Q OBEF 

also = length OD (since OA = OM = 1) 

(8) = zero area (since cos 90° = 0) 

(9) = area dU OBEF (since cos 0° = 1) 

{ 10) = area Q OBEF (since cos 0° = 1) 

(11) OC = 

V(OA ) 2 + (OB) 2 + 2(OA)(OB) cos ~9 

(12) BA = 

V(OA)’+(OB)*-2(OA)(OB) eos0 


statzstzcs 

= a i <7 jijj, the covariance 
= rjj (since <jj = crj = 1) 

= 0 (since r = 0) 

= ctjo-j (since r = 1.0) 

= erf the variance 

°"a+j) = ^ < j \ + <jj + 2 crj ojTjj 

<7(1-1) = + oj — 2o' I a- J r IJ 




XT V 

-Note to Chapter II 

* 

in exposing the theory in this chanter znA fk . S vo ume ls m isleading 

exposition. But actually the derivation of ti ff ^ br6vity of 

~ung five years of inducing hy^otheseffromTtrt “ 

it more 

rf sodefaTTta of S ra phs and tabu- 

^S-theory which is communicated h^e develo P ment of *e still un- 

dcsb of many verbahstic nebulous- 

seaoed to move more in literarr +[’■ boug ^ to present a science, 

adof «l with the results of statisti^f ^ CaI ’ and P^ophical realms. When 

***b lo«y and restricted gener aliza tion hit n!]™?! 5, presented som e facts, 
wfefe in%«teig the seienw of Socm) n ^ * 6 ?£ , fdndamenta l theory to- 
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Statistical studies in Sociology seldom seemed inspired by the attempt to prove 
or disprove, to discover or qualify, basic theory. The very possibility that 
statistical studies could bear so crucially on theory seemed to be considered by 
qualitative sociologists as forever unlikely, and by quantitative sociologists as 
not likely at present. 

From these premises the author decided in January, 1934, while on leave in 
the States, and after his research in A Controlled Experiment on Rural Hygiene 
in Syria, to select a small part of basic theory in Sociology and concentrate on 
an attempt to build a measuring instrument adequate to test that segment of 
theory. The theory of social processes was selected. Most textbooks assert some 
set of processes and arrange them in some order, such as subtypes of association- 
dissociation (Von Wiese, Lumley, 2nd edition, Ref, 41) or as a series implying a 
continuum from conflict through competition, and through accommodation, 
to assimilation (Park and Burgess, Ref. 54). Why should there be so little 
agreement on the basic processes? How much of the difference was in different 
word-names for much the same referents? Is there any continuum as implied, 
and, if so, which processes were on it and which diverging from it? For these 
and many other questions the first need seemed to be operational definitions 
of the processes, i.e., a schedule card of behavior items with instructions for 
fill in g it out, which would thus standardize the meaning of each sociological 
process. Specifications of such a schedule card or scale were, therefore, drawn 
up, specifying that samples of behavior and its cultural products be gathered 
from the institutions of business, the school, the church, the family, the nation, 
so as to define, if possible, “conflict ” in general, “ competition ” in general, etc. 
These specifications for an intercultural scale to measure and thereby define the 
social processes were circulated among a few colleagues for critical overhauling 
before seeking co-operating investigators or financing. 

As a working hypothesis Park’s and Burgess’ list of processes was selected 
and a study of the literature begun as a background for inventing and selecting 
items for the scale. (The Social Science Research Council’s subcommittee on 
Competition and Cooperation had not as yet published its bibliography and 
survey (Ref. 47) of the field, but Messrs. May, Allport, and Murphy invited the 
author to some of their sessions while in Cambridge.) Study of the sociological 
literature on “processes ” led to their tentative definitions substantially as given 
here in Chapter X, although the notation was very clumsy and later had to be 
completely revised (and increased in generality) several times. The recurrence 
of “desideratum,” “desire,” and “population” concepts in these definitions 
led to interrelating these three concepts in the tension theory equation, cf. 
Chapters V and X, first in its simple scriptless form, then inventing script by 
script as required by the situations to which it was applied. 

The theory (see Ref. 55) was then written out and its thirty-odd equations 
defining social processes were tabulated on one page with the factors, scripts, 
and some other properties compared in parallel columns. From this sheet it 
occurred to the author that all the process equations could be mathematically 
derived from the tension theory equation when the exponents varied over values 
of 0, 1, or 2. Accordingly the exponent was added to the simple tension theory 
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equation, Eq. 34, CL Y, as in Eq. 49, CL Y. The whole theory was revised, the 
processes were measured by means and standard deviations and related to the 
moments of frequency distributions. 

The resulting classification into columns and rows on another sheet led to 
“predicting,” hitherto unthought-of processes with such-and-such characteris- 
tics. Reflections and research through a collection of graphs of social science 
data and through sociological textbooks would then reveal examples of processes 
having those specifications. “Mobility," “dispersing," “correlating," and two 
thirds of the other processes outlined in Chapter X fitted themselves into the 
system in this way. At first, elaborate terminology was developed, coining proc- 
ess names as needed with the help of a large dictionary. Later the symbolism 
and neologisms were simplified to correspond to current concepts in Sociology as 
far as this could be done without misleading. Compound or aggregative proc- 
esses then began popping into consciousness with their formulae ready made 
on waking in the morning, following reflection on them the evening before. 

It was next realized (December, 1935) that many of the processes did not 
depend on value systems but were entirely general. They were rewritten in 


terms of T, I, and P units which the author had previously (1932-34) developed 
and published (Ref. 12) in an experimental statistical study of a societal force 
in primitive Syrian villages and Bedouin tents. An attempt to classify these 
processes as rewritten led to a crude version of what later developed into the 
quantic table of Chapter II. This led to a systematic thinking out of the present 
S-theory, using geometric concepts of vectors in n-space to aid in visualizing 
and to check on the internal consistency of the system. 

Graphs were then decided upon (January, 1936) as the unit of observation 
for this research. With assistants, a loose-leaf photostat collection of fifteen hun- 
dred graphs was built up and each was expressed in a formula using T, I, P units 
(and some others later discarded as unnecessary) . The system of rules for writ- 
ing formulae was repeatedly revised, requiring the rewriting of the whole collec- 
tion each time. Each ambiguity or problem as it was presented by a new graph 
was recorded with alternative hypotheses (mostly notational) and tested on fur- 
ther graphs, till one hypothesis would emerge as the best, i.e., most interconsis- 
tenfc, clearest, simplest, briefest, etc. The 1 S-theory was then written up and 
admitted for criticism to Mr. George A. Lundberg, and finally by August, 1936, 
the first draft of the chapter on Change was penned. 

The ambiguity in the writing of formulae was next tested by having two 

paid assistants write them independently with the result of three percent of 
discrepancy as described above. 


throu S h a P rocess of critical refinement, a process 
asasted by aelass of Juniors at the American University of Beirut. Its pres- 

y m J\ c vo ^ ume was planned and a detailed 40-page 

StfS and hundred «"«*» ^cted as a representative factual 
to^for the theory In tbs critical review, Professor Lundberg assisted in the 

ifs eouatinn« 6 j DOn mourrt ains. Writing the manuscript, developing 
rbeq^rions, checking, and proofreading were the final stages throughout 1938 
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In short, an attempt to throw light into one corner of basic sociological theory 
by constructing a scale designed to define in operational terms the social proc- 
esses, led to the ad interim handling of the still unmeasured concepts by means 
of algebraic symbols for convenience. These symbols became fruitful in multi- 
plying the sociological concepts they could express with generality and increased 
precision. They proved derivable from, and therefore summarizable in, the 
single matrix equation of S-theory (Eq. 50, Ch. II). Once this was induced, the 
concepts and relations between them were deduced by systematic varying of its 
variables. Of the large number of resulting formulae only some seven hundred 
were selected for publication here by the criterion that every quantitatively 
recorded situation in the literature of the social sciences should have a pigeon- 
hole, i.e., an S-formula, to fit it, but that further formulae need not be developed 
in advance of the publication of sets of facts corresponding to such formulae. 
A theory must fit all the published facts. 


1. For a defense of thus adopting a situation for the unit of gross societal 
observation, see Lundberg’s discussion of a sociological field of force treated as a 
closed system in his companion volume, Foundations of Sociology, in chapter 12 
and elsewhere. 

2. For an operational definition of “time” and “space,” see Note 1 to Ch. VI 
of Lundberg’s companion volume, Foundations of Sociology. For illustrations of 
time and space, see the three hundred S-situations appended to the chapters 
of the present volume, which include the symbols T or L in their descriptive 
formulae. 

3. It is possible to use three, or five, or other sets of indices, provided they 
are so defined as to include the entire societal field without overlap. Thus for 
many studies, space can be neglected. On the other hand, for example in eco- 
nomic studies, monetary indices are so basic as to justify denoting them by a 
separate symbol and using five kinds of indices. Such a monetary index is still 
a subclass of characteristic as defined here, however, and is simply labeled more 
explicitly for convenience without affecting the logic of our analysis into four 
basic types of indices. 

The indices of time and space have always been recognized as basic in the 
history of philosophy and science. Special sciences have selected other additional 
indices as cardinal and have thereby marked off their field as Physics did, in 
adding mass to space and time. Economics analyzes production into the factors 
of land, labor, capital (and sometimes management), all operating in time, of 
course. These factors in S-terms are those of time, space, population, and two 
characteristics peculiar to that field. Statistical textbooks trace statistical series 
to variations in time, space, quality, and quantity. Our attribute hypothesis 
(Ch. Ill) combines quality and quantity as subvarieties of characteristics. The 
population index is added to delimit the sociological field, for the only major 
component common to all the social sciences and shared by none of the sub- 
human fields is the human population. The concepts of S-theory may readily 
be extended to all biology and other non-human fields, if desired, by defining 
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suitable “characteristics” to be specially symbolized. But the field of this 

volume is human society. , . , , 

4 . An operational criterion of what is unitary is given later. 

E The limitation to quantitative phenomena may become progressively re- 
movable. Already our “attribute hypothesis” (see below) extends the S-theory 
to a large segment of qualitative phenomena. But, since the limits of this seg- 
ment have not been discovered yet, its unqualified inclusion at present may 


prove later on to be an overclaim. 

6. Any item in these six rows can be derived by multiplying the item below 
it by (I), or by dividing the item above it by (I). This little tabulation may 
help the reader whose high school algebra has grown rusty to revive his under- 
standing of the m eanin g of the exponent, which is an operational symbol direct- 
ing the operator as to the number of times to take the base as a factor. The 
exponent rule that in multiplying two indices (or any variables) their exponents 
are added (i.e., I X I = I +1 I +1 = I +1+1 = I 2 ), and that in dividing one index 
by another their exponents are subtracted (i.e., I/I = I +1 X I -1 = I +1 ~ 1 = 
p = i) may be readily verified by the reader for himself and applied in the 
p>nsnmg discussion. Thus fractional exponents such as a square root can be 
worked out from this principle: (VI = I* = I + - 5 , since I + - 5 X I + - 6 = I +1 = I). 


7. For reference, the seven hundred odd formulae of this volume, most of 
which are presented as equations defining a concept or stating a relation, will 
be numbered as equations consecutively within each chapter and abbreviated 
to “Eq. 1, Ch. II” etc. As every formula is an S, as defined above, every one 
may be set equal to S making an explicit equation of it (if it is not already 
written as an equation). 

8 . The remaining detailed formulae of spatial exponents are: 


*L 8 = specified dimensionless points in space (Eq. 2b, Ch. II) 


(E): # L 8 = (I) = a non-spatial index, i.e., an index with no spatial dimensions 

and no points corresponding to it (Eq. 2c, Ch. II) 


L +1 = a line in space 
(I)L -1 = an index per unit of length 
L 4 = an area 

(I)L~ 3 = an index per unit of volume (as per liter, etc.) 


(Eq. 2d, Ch. II) 
(Eq. 2e, Ch. II) 
(Eq. 2f, Ch. II) 
(Eq. 2g, Ch. II) 


(For e x a mp les of sociological situations involving these spatial exponents, see 
S. 8 and 9, CL II, and any S’s in Ch. VIII.) 

A process, as shown more fully in Ch. X, is but a specified form of rela- 
tively continuous change. 

Ilk To di stin guish the two T’s requires further scripts to be expounded below. 
For more complicated illustrations of similar societal situations, see : 


B. 5 and 7, Ch. IX in connection with Eq. 6, Ch. 2. 

B. 8, Ql II; S. 59, Ch. X; B. 39, Ch. XI in connection with Eq. 7, Ch. 2. 

8. 22, Ch. II; S. 24, 26, Ch. X; S. 34, Ch. XI in connection with Eq. 8, Ch. 2. 
S. 18, Qi. II; S. 3 and 6, Ch. X in connection with Eq. 9, Ch. 2. 

S, 2 and 26, Ch. II; S. 75, 77, 80, Ch. X in connection with Eq. 10, Ch. 2. 
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11 . For more complicated examples of populationless situations, see any S 
appended to Ch. III. 

For more complicated examples of plurels, see any S appended to Ch. IV, and 
S. 1 and 2, Ch. II. 

For more complicated examples of groups, see any S appended to Ch VII 
and S. 12, Ch. II. 

12 . These three categories can be shown to parallel in more mathematical 
language the categories of quality, quantity, and relation in Kant's Critique 
of Pure Reason. (See Appendix IV.) 

13 . Indicants to the third power, as in measures of skewness, and to higher 
powers as in measures of kurtosis, occur, but are still rare in social science 
literature. 

14 . First-degree equations are called linear; second-degree ones are quad- 
ratics; third-degree ones, cubics; fourth-degree ones, quartics; fifth-degree ones, 
quintics; etc. The degree of the S is determined by the sum of the exponents on 
all the indices. Thus a correlation scattergram has the quantic formula PP 1 
and is, therefore, a cubic. According to the number of different sectors, i.e., 
types of indices, in a situation the S may be called: 

binary, if it has indices from 2 sectors as IP or PL~ 2 
ternary, if it has indices from 3 sectors as T _1 IP 
quarternary, if it has indices from 4 sectors as T-TL 2 ? 

15 . In this four-digit number the complement of ten is substituted for nega- 
tive exponents for convenience, as in the characteristic part of a logarithm. 
Thus the quantic formula T _2 I' i " 1 P +1 of S. 31 has 8 ; 1 ; 0 ; 1 , as its quantic number. 
Noting two special cases may prevent confusion in studying the quantic numbers 
of the graphs. Wherever an index appears with a plus and a minus exponent 
(see S. 2, 3, 26, 29) they are both recorded. Thus in T _1 T +1 , | a = 91;0;0;0; or 
in T -1 P +1 P“ 1 , | 8 = 9;0;0;19. Thus the* odd digits denote varieties of primary 
indices, while the even digits denote varieties of secondary indices (See Ch. Ill > 
for details). 

16 * Any attempt to represent four variables (|*, I 1 , \\ | p ) on a two-dimensional 
page is unsatisfactory. The quantic solid (a three-dimensional model, see S. 33), 
described later on in the geometric section of this chapter, is a more satisfactory 
representation. 

17 . The vertical bar serves as a base for scripts to show which of the four 
possible corners that script occupies, and therefore, to identify the script as an 
exponent, | a , class script, | a , class-interval script, 8 |, or case script, fl |. It can also 
be thought of as unity for the class-interval script, so that the product of the 
symbol 8 |', and a homosectoral index (I') gives a scale, or extension, of class- 
intervals, 8 |' in number, each of (I') units. 

aY X (I') = ( S F) = a homosectoral index in class-intervals 

(Eq. 28, Ch. II) 

18 . Attributes (qualitative indicators) may have qualitative subclasses de- 
noted by the class script, but can have no class-intervals as these subdivisions 
are of quantity. 
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19. For common examples: 

JL denotes an indicator in sigma units 

$1 denotes an indicator in dollar units 

%l denotes an indicator in percentage units, i.e., an index number 

20 . In the captions defining the descripts in this formula the words, “the 
aggregation of , 57 are understood, e.g., aggregation of cases = s |, etc. If the value 
of the descript is zero, the index is non-existent. It then has the value of zero 
and is called a “nul” index. When no script is written on an index, a class script 
of unity and an exponent of unity are understood. 

21 . See S. 26, CL II; S. 2 , 3, 5, 6 , 7, 8 , 9, 12 , 13, 14, Ch. IV, for further ex- 
amples. If the territory, rather than the people, were denoted in Eq. 39, Ch. II 
as by a map, the formula would be: L* : m :n. For a classification of attributes in a 
hierarchy note the formula I°i: j :k. The pattern of class scripts in a hierarchy of 
classes or aggregations in one sector is symbolized by |' and this will be referred 
to as the “ classification script 


|b — |t:u:v, Or |i:j:k, or |i:m:n, Or |p:q: r (Eq. 40, Ch. II) 

the classification 
script 

22 . This colon symbol seems to have much in common as a statistical ana- 
logue to the logical sign for “implication,” d , used by Russell and Whitehead 
in their Printipia Mathematica. It serves for the discontinuous data of statistics 
somewhat as the sign for function, f, in “y is a function of x,” 


y = f(x) 


(Eq. 44, Ch. II) 


But the colon asserts that the variable after the colon is a function of, or de- 
pendent upon, the variable before the colon. The function denoted by the colon, 
however, is not reversible, it is one-way dependence. It thus usefully differen- 
tktes the one-way implication of a correlation ratio from the mutual implica- 
tion of the correlation coefficient, and societal contact from interaction in the 
interrelation matrix. 

Tlie meaning of the colon in specifying the matrix is a variation from the 
double scnpt (denoting row and column) of conventional matrix algebra. The 
variation gives greater flexibility in handling matrices of all orders, ranging 
rrnn e single index which is a matrix of zero degree, upwards indefinitely to 
me u e matrices of the tenth or higher degrees, such as are involved in a whole 
volume of census statistics. The colon separating the two scripts of the double- 
senpt notation permits specifying that the row classification and the column 
falsification may be in different sectors (as in S. 19, 20 , 28, etc.) or of one sector, 

S ; mth different « (as in S. 9, 26, 29). The colon per- 

Thp Hna , 7 ^ 7 matriceS co ^ a l >ose ^ °f dependent and independent variables. 

l&rlv 77 no ^ a ^ on corm °te s that the data have been rectangu- 

Wtrl-buktri, th. oolo. is more g«„sl in denoting graphs, maps, or 

“ n ' n ^ whete ^ rectangular arrangement is only potential (and 
often nyr feet Mlh empty ,1s). (See S. 9 , 24, 34 for matrices in non- 
IWtngukr anangement, and s . 15 , nd 39 ^trices with empty or sero- 
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valued cells.) The colon is also more flexible in being able to denote relations 
of correspondence scripts. Thus in the formula : £T the colon before the date 
script, :t |, states that for each of the periods denoted by the period script, t |, 
the corresponding dates are given, i.e., the durations are also located historically. 
Again the colon can add information by cross-scripting, such as, that for each 
plurel there corresponds a geographic area, p:i2 |, thus denoting regional plurels, 
such as the nations, states, or census tracts of S. 17, 20, 26, respectively. 

23. The scalar product (or “dot product” as it is also called in vectorial 
algebra) may be written in S-notation with the dot between the scripts thus: 
<d> • ". A multiple correlation coefficient is <d> • Si where the |si represents the sum 
of the variables correlated with the criterion which is primed. The scalar prod- 
uct of unit vectors is statistically computed as the covariance in sigma units 
and is trigonometrically the cosine of an angle, i.e., the ratio of base to hypotenuse 
in a right-angled triangle. This yields the equivalent forms : 

(o-I / • / / ) =Tf.n = 21,1,, /Per, <T,, = P^So-I, *1/, = M ( (r I/ <r I//) — COS d 

forms of the correlation coefficient (Eq. 47, Ch. II) 

The first formula is in S-notation asserting an index derived by correlating two 
particular indicators when in sigma units; the second and third are the correla- 
tion coefficient in conventional notation; the fourth and fifth show it in 
S-notation as the mean of the products of two indicators when these are in sigma 
units; and the sixth states its equivalence to a cosine. 

Note that the use of the dot in conventional partial correlation formulae is 
not consistent with its use in multiple correlation. This is dealt with in Chap- 
ter VI. (See S. 22 and 23, Ch. VI especially.) 

24. Since the singular script not only denotes that the number of aggregated 
items is only one item, but also identifies that particular item, further primes 
can be used to identify the successive items. The second item in the series may 
be marked with a double prime, the third with a triple prime, and in general: 

Ii = I,, I,,, I,,,, I/v, Iv, Iv/, • • • I z (Eq. 49, Ch. II) 

illustrating priming 
to identify entities 
of an aggregation 

This illustrates any aggregate as composed of identified entities. Arabic digits 
or capital letters can, of course, be used if desired in place of primes and Homan 
numerals. When a script is not primed it connotes the plural number, though 
an unprimed script may denote an aggregation of zero, one, two, or more entities. 
Strictly, an aggregation of entities, zero in number, is a non-existent, i.e., nul, 
a ggregation, and one entity is the lower limit of any aggregation which properly 
begins with two entities. 

In addition to the four arithmetic operators (+ — X /) and the four basic 
S-theory operators described above (: there are the following twelve auxil- 

iary symbols which are used in S-theory with their conventional meaning in 
mathematics or with slight extensions of these meanings as stated below : 

= denotes “is qualitatively equivalent to,” or, “is quantitatively equal to” 

= denotes “is identical to” 
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t* denotes “is unequal to, 7 ’ or, “is not equivalent to” 

< denotes “is less than” 

> denotes “is greater than” 

2 denotes “the sum of” 

”, over linin g, denotes a vector, i.e., the quantity in geometric terms 
|j denotes a matrix, a rectangular arrangement of entities into rows and 
columns 

0, parenthesis, denotes treatment of its contents as a unit, hence denotes an 
“index” in S-theory 

?, question mark, questions an assertion or an equation, labeling it as an 
hypothesis 

underlining, denotes indefiniteness, i.e., the existence, but not the amount, 
of some quantity is asserted. Thus a per capita ratio may be stated with 
both the numerator and the denominator left indefinite or unstated. 
Usually the underlined quantity has been measured but is not recorded 
in the situation as presented. 

the semicolon, denotes that the letters it separates are combined in some 
unknown or unstated function, i.e., it denotes any of the operators with- 
out specifying which operator. 


The last two symbols (- and;) with their denotation as above are newly 
introduced in S-theory and are not simply extensions in meaning of conventional 
symbols. 

25. A mnemonic phrase with the initial letters in this sequence and which 
suggests the content of the theory is “Timed Indicators of Land and People.” 

26. A warning is needed here lest some students of S-theory get the" notion 
that expressing data in algebraic symbols implies that the precision of the data 
k thereby increased. Thus several colleagues on reading a six-page abstract of 
S-theory have written the author, fearing, for example, that expressing the 
ordinal steps of an attitude test in algebraic symbols will imply that the units 
of attitude have thereby become cardinal units. On the contrary, S-notation in 
r^vmg the class-mterval script for cardinal units and the point script for 
o units should help to distinguish data, or measurements, of varying de- 
grees of precision, and prevent the very confusion these colleagues rightly 


anf dysts were the author and Miss Angela Jurdak who wrote her 
M^thesis on An Experimental Deterrrdmtim of the Reliability of S-Theory 
of Sociology, American University of Beirut, June, 1938). This 
study m elementally measuring the objectivity of a theory in 

Sy torn the America Documeuftion I»- 

afate, Oll motjem* Seme,, 2101 Constitutioa Avenue, Washington, D.C. 

9 ft A n. U 157 b f retIuttmg mnet y cents for microfilm form. 

with fwiltv ku* imperfect set of evidence was an earlier test 

^ M Wm. cmh mlnd m the summer .1 1936 .heu the theory and the 

medical stwWt ^ ^ r T P * se< ^ ^h the help of two assistants who were 

asxheal extents with no statistical training. Offsetting these negative handi- 
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caps to agreement was the fact that most of the first five hundred situations 
had been discussed together in the earlier stages of trying to standardize nota- 
tion. The trend is to reduce discrepancies as the analyzers acquire practice in 
analysis. The discrepancies were : 


1st hundred graphs . . . 

...7.0% 

8th hundred graphs . . . 

... 1.3% 

2nd 

it 

...4.0% 

9th “ “ . . . 

... 2.0% 

3rd 

a 

...4.1% 

10th “ “ . . . . 

• • 1.6% 

4th 

a 

. . .5.0% 



5th 

u 

...2.3% 

Total 

. . .30.3% 

6th 

a 

. . . 1.4% 

Average 

. .. 3.0% 

7th 

a 

• * * 

...1.6% 




A published misprint may be corrected here. The standard error of the 93% 
of agreement on the descriptive formula was ± 1.14% as printed here (= d= .77 
= PE % as on p. 43 of Miss Jurdak’s thesis) and is not ± .45 as printed in line 
18, p. 630 of the author’s article “A System of Operationally Defined Concepts 
for Sociology” Amer. Soc. Rev., Oct. 1939, No. 5, Yol. 4. The formula is 


v% — 


%(10Q - %) 

N 


93 X 7 
500 


1.14. 


29. It is to be expected that if the experiment were repeated by persons not 
trained by the author but trained only by reading the exposition in this volume, 
the percentages of agreement might be different. How different, and whether 
higher or lower, such experiments themselves will say. 

For further details on this experiment, the reader is referred to Miss Jurdak's 
thesis. 

30. A function of this physical model of the quantic classification is to aid in 
visualizing and testing our “unit situation hypothesis.” This hypothesis is that 
any quantitative societal situation is a unit when, and only when, its quantic 
formula specifies adjacent cells of the quantic solid. It is a “composite” unit 
situation, if more than one adjacent cell is involved. But if two non-adjacent 
cells, i.e., two non-contiguous regions, are specified by the quantic formula, then 
there are two unit situations, with two quantic formulae. This provides an ob- 
jective definition of what is the unit societal situation. Thus, a combined map 
(L 2 ) and table not involving space at all (L°) represent two situations, since L° 
and L 2 are non-adjacent arrays, being separated by L 1 . Quantitative presenta- 
tions involving simultaneously interrelations of persons (P 2 ) and no persons (P°) 
are two situations, whereas interrelations and some characteristics of those 
persons might be one composite situation, since the P 2 array is adjacent to the 
P+ 1 array. 

A static and an accelerated situation, T° and T~ 2 , are two separate situations, 
as are also qualities, 1°, and correlations of quantities, I 2 . This hypothesis is 
purely a definitional one — a proposal to conventionalize what is to be called a 
unit situation. Its verification is not a matter of truth but purely a question of 
utility. It is closely related to the new field of “topology.” In fact the “unit 
situation” is a topological definition of a single closed region in the quantic solid. 
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31. The journals scanned were: American Journal of Sociology , American 
Sociological Review , Revue Sodobgique, Social Forces, Sociological Review, So- 
ciology and Social Research, Survey Graphic, and several volumes of other social 
science journals, including Journal of the American Statistical Association . 

32. An early form of the theory included only T, I, and P indices and only 
the exponent, date script, plurel script, and indicator script: 

S = p(T,I,P)I 


(in different notation) and was extended, by the necessity of describing all the 
situations that were encountered, to its present more inclusive and flexible set 
of scripts. 

33. As such modifications cumulated, all the situations analyzed up to date 
had to be reanalyzed in the light of the revised notation or rulings. The pro- 
cedure in adopting a modification was to invent alternative hypotheses as to 
notation or definitions which would include the baffling situation. These alter- 
natives would then be tried out on more situations until the alternative that 
was most parsimonious, most objective, or simplest emerged. It was then ap- 
plied uniformly to all the situations involving that issue. The magnitude of 
this task of fitting and refitting the symbolic concepts to societal data may be 
judged from its having consumed roughly some three thousand hours of the 
author’s time in research. 


34 “I regard this work as one of the finest sociological monographs which 
has appeared up to the present time. In its own particular field, namely, the 
technic of measuring social change, it is beyond question superior to anything 
heretofore published. To one who has had occasion recently to declare that the 
entire literature of social surveys, including his own contributions to that sub- 
ject, is of very minor scientific importance, it is a great pleasure to come upon 
m this unpretentious volume a model of what a scientific piece of work in this 
field should be. The full merits of the book can be realized only through careful 
U ^ A ak ca . U attention to the two main grounds upon which I 

1 u 6 a / e A gh ^tunate, namely, (1) the rigor of its scientific procedure 
and results, and (2) its contribution to a phase of fundamental sociological 


in®- W k 0 s0 ® a l measurement as but a naive and pass- 

SwSS AT ^ AA f aKty of the work md * review will seem of little 
lotical research* 0 J*' o t ose who believe that a large part of future socio- 

t£is wSTS? “SAAf ° f a painstakin g scientific check of the generaliza- 
i^^Tt ^e Introductions to Sociology, Dodd’s book wifi be an 

I 1 I 7 A th A a hundred years from now, Sociology wifi still 
SnSLT JJ“-V f T , C iMe C0lIection of *on stories, impressionistic 
STtW W? yAy , alectlcs - 0n the other hand, it may be that we 
^r^ Z^tii . A A S® nera hzations the probabihty of which, 
liability as must be th ^ . S ^ ^ith some mathematical accuracy and re- 

Prooeeds on the latter aLmmtion^Itd^ 16 !! ience ' Professor Dodd’s volume 

does not rest entirelv unon A ‘ A ^ emonstra t es a type of scholarship which 
no® rest entirely upon the ponderousness and antiquity of his bibliography, 
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and which is as yet not very common in Sociology. Nor will the customary 
charge that studies of this kind neglect the theoretical side of it apply to Dodd’s 
work. 'The Theory of the Measurement of Social Forces/ submitted in the 
concluding part (Part IV) is one of the ablest and most stimulating treatises 
that has yet appeared on this subject. Briefly, there is here submitted a logical 
theory of the reduction of the concept of social forces to an equation based on 
measured entities.” 

35. "The most thoroughgoing illustration of the experimental method of 
sociology is the recent report of S. C. Dodd of an experiment in Rural Hygiene 
in Syria. After some years of painstaking research in preparation and testing, 
he developed a scale to measure personal hygiene in terms of the behavior of 
native Syrians. Two samples were selected for study: an experimental village 
in which a hygiene program was to be put on; and equated controlled villages, 
without such a program. Before the program was put on in any of the villages, 
all were measured with the hygiene scale. After two years all the villages were 
again measured. Differences in the second scale position of the two samples 
were taken as a measure of the effects of the program, other things being as 
nearly as possible equal in terms of the precautions taken. This really important 
study is not widely known. Most reviewers of the book display an astonishing 
ignorance of scientific procedures. In fact, their reviews are little more than so 
many examples of indecent intellectual exposure.” 

36. "A brilliant beginning has been made by Dodd, who defines a social 
force as that which accelerates a social change in a population. He constructed 
scales to describe in quantitative units the hygienic conditions of certain popu- 
lations. Over a period of two years the hygienic habits of these populations 
changed. The degree of improvement was measured by the number of units 
gained in hygienic score. The unit was a 'stim/ or one person stimulated to 
change one unit of hygienic score per year. Thus a social force was measured in 
units of ‘stims.’ Dodd also developed a formula to compute acceleration and 
social momentum, and elaborated a rational theory of social forces on this basis. 
We agree with Dodd’s principle that social forces may be measured by noting 
the difference between readings on some index of social position before a social 
program is applied to a particular group at a particular place and time, and the 
readings on the same index after the social program has been applied.” 

37. No other published references to this theory are known to the author, 
though the book, A Controlled Experiment on Rural Hygiene in Syria , has been 
reviewed, favorably and adversely, by: 

Young, Erie F., in Sociology and Social Research , Vol. XX, No. 1, Sept., 1935. 
Embree, Edwin R., in the American Journal of Sociology , Vol. XI, No. 3, Nov., 
1934. Garle, H. E., in the Journal of the Royal Central Asian Society , Vol. XXI, 
Part III, July, 1934. Wiehl, Dorothy G., in the Annals of the American Academy 
of Political and Social Sciences , Vol. 182, Nov., 1935 (p. 231); in the Journal of 
Educational Sociology , Dec., 1935; in the Revue Internationale de Sociologies 
Nos. III-IV, Mars-Avril, 1936. 

38. 1. Observed and recorded data : 

Si 4 Equation of an analogies type of intelligence test item defining an I°-unit, 
a unit-attribute. 
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Si 4 Equation defining a schedule card — a punched card of a census — a type of 
standardized case record. 

Si« Equation of an item of qualitative evolution— the history of the wheel. 

Sn Equation of a distribution of a characteristic among plurels — life insurance 
by nations. 

S® Equation of indices presented in a prose paragraph-mortality rates by types 
of transportation. 

2 . Systematized data: 

S& Equation of a classification — social institutions and their type parts. 

Sm Equation of tabulating — economic values by years and States, also, a de- 
rived equation defining an index of competition. 

S*i Equation defining a social force. 

522 Equation of a budget balancing income and expenditure. 

523 Equation of a factorial matrix from inter correlations. 

524 Equation of interrelation of employers and employees — a cartoon dramatiz- 

ing a generalization. 

8, Induced principles: 

525 Equation (calculative) expanding an hypothesis— relation of capital and 

labor to production. 

Sm Equation stating an hypothesis— “population pyramids are normally 
isosceles.” 

S27 Equation defining a theory — a tension theory of societal action. 

Sas Equation (calculative) of a law — the normal probability curve in the case 
of the rate of cultural diffusion. 

Sa Equation based on laws of probability — life insurance premium by age and 
duration. 

£ Verification: 


S» Equation of the outcome of a controlled experiment on communities. 

S„ Equation of correspondence between a national plan and its achievement- 
Russia. 


S w Equation of evidence disproving the early Malthusian theory. 
On, M, U are geometric interpretations of S-theory. 


Jtl TZZiJT? Whic \ 0ecup y a nme-dimensional orthogonal space can 
*, 71 ^ diagramed on a two-dimensional plane. 

4ft Overlining denotes vector quantities; non-overlining, scalar quantities. 

to 0B ' “ d °r. 
V <favT f 2“ ^ Jour. So., 

Devemis’ ( “individual ” = persons, P ' 

« = .dme, T, and “relative position” 

raw ,. , . relative position” = indicators, I. and or soace T 
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studying situations defined by S = T°; I 0 ’ 1 ; L°; P° 




Chapter III 
INDICATORS, I 
I. THE INDICATORY SECTOR, \1\ 

A. Definition and Relation to Other Sectors 

An indicator is the objectively observable sign of a charac- 
teristic. It is the material or behavioristic indication, the verifi- 
able evidence, of the existence of the characteristic it represents. 
It is that upon which observers will agree. It is the conventionally 
accepted fact as separate from interpretation or inference of the 
meaning of the fact. It may be a material fact, such as the num- 
ber of telephones in a region, indicating the amount of telephonic 
communication characteristic of that region. It may be some 
readily observable aspect of behavior, such as the attendance at 
some gathering serving as an indicator of the widespread interest 
shown in the purpose of the gathering which characterizes that 
population. It may be an artificially objectified indication of 
subjective feelings, attitudes, or opinions, as in bringing these 
intangible internal states to spoken or written expression in a 
vote or an attitude test. It may be very obvious wherever it is 
directly and objectively observable, as in determining the number 
of sheep in a flock. Our term "characteristic,” includes character- 
istics of individuals, of their environments, and relations between 
individuals or between individuals and their environments. A 
more complete specification of the meaning of the indicator, I, is 
found in the three hundred graphed situations in this volume in 
which I occurs in the formulae. 

The characteristics of people and of their environment are so 
all-inclusive and, as yet, so often dimly perceived by human 
beings as to be best definable as the residuum of all societal data 
after the objectively-determined aspects of time, physical space, 
and the number of persons have been abstracted out. In the 
broadest sense, the total of all characteristics includes all knowl- 
edge of, or pertaining to, human beings. The vocabulary in the 
largest dictionaries may be considered as a suggestion of the ex- 
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tent of this knowledge, since the larger part of communicable 
human knowledge has been reduced to words. But human knowl- 
edge is so vast that, while it may be studied as a whole by the 
epistemologist, it must also be subdivided, in order that human 
Icings with finite minds and limited spans of attention, may de- 
velop knowledge by segments, which are called the sciences. Each 
science confines itself to some characteristics, neglecting the rest, 
while interstitial and synthesizing sciences attempt to integrate 

these segments. 

Accordingly, the segment that is general Sociology will be de- 
fined in this volume by four kinds of variables, and specified more 
precisely by their indices. The characteristics of tune and space 
are fundamental as the medium in which all human life goes on. 
The h uma n population delimits the societal segment more nar- 
rowly. Hence the number of persons, P, in any given situation is 
adopted as a third type of variable contributing to the defining 
of the sociological segment of human knowledge. A fourth type 
of variable is the residuum of all characteristics pertaining to a 
human population. No list of these would be water-tight enough 
to make the definiteness of boundaries required by a scientific 
classification. The definition of indicatory characteristics as, “all 
other than time, space, and population ” at least avoids ambiguity 
in classification. These four types of the most general variables 
will be termed the temporal, spatial, populational, and indicatory 
sectors of societal knowledge. Items of knowledge within each 
sector will be specified by temporal, spatial, populational, and 
indicatory indices — a term to be defined more rigorously as each 
sector is discussed in turn. 

All of the indicators in a situation compose the indicatory sector 
which is symbolized by: 

Wi — the indicatory sector, indicators with all their scripts 

(Eq. 1, Ch. Ill) 1 

Subsectors of the indicatory sector may be used to define the 
different social sciences. Thus, Economics may be fairly well 
defined, as the subsector having as its nucleus monetary indica- 
tors of exchange values. Political science deals with indicators 
of governmental structure and function. Physical anthropology 
studies indicators of the human anatomy and physiology, espe- 
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cially in classifying persons into racial plurels. Cultural anthro- 
pology works with indicators of human culture, especially in 
primitive groups as a simpler starting point. Ethics as a positive 
science, in distinction to a normative study, has, as its field, 
indicators of values — whatever is desired by a plurel at some time. 

Tangible indicators of such values are available in enormous 
diversity as suggested further on when classifying indicators by 
content. The list of social sciences may be enlarged. The point 
at issue is, that, these four sectors suffice to define sociology as 
“the science of those characteristics which are common to all 
societal phenomena,” and that either subsectors (or further co- 
ordinate sectors) may be conventionally agreed upon to define 
special social sciences (or cognate sciences overlapping with 
the biological and physical sciences, such as physical anthropol- 
ogy). 2 


B. Comparison with Eubank’ s Categories 

A comparison with the basic concepts used in one of the best 
attempts to systematize the field of Sociology may be of interest. 
Eubank in his Concepts of Sociology (Ref. 25) reduces all societal 
phenomena to four categories: “societary composition,” “causa- 
tion,” “change,” and “products (culture).” (See S. 6, Ch. III.) 

• His “composition” includes the single human being and the 
plurel, and is nearly synonymous with our population sector, P. 
His subdivision of “change” into “products,” and “relation- 
ships” would, in their non-temporal aspects, be “indicators” in 
our system, with physical space differentiated out for separate 
symbolizing. His “change” in the “action, or processes” subdi- 
vision, and the dynamic or time aspects of his “culture” involve 
our temporal sector, T, compounded with other sectors. His 
“causation” (subdivided into “societary energy or force” and 
“control”) is, in our system, a compound which is further analyz- 
able (as it is in Physics also) into an acceleration (T~ 2 ) of some- 
thing to a certain amount. In defining a societal force in Chap- 
ter XI as the accelerating of change of a population (E = T _2 IP), 
this concept of “force” is reduced to more tangible and observ- 
able entities of time, an indicator of the change, and the number 
of persons changed. His “control” is similarly reducible to a 
force exerted by people on other people, a force combined with 



138 THE CHARACTERISTICS SECTOR, jl{ [p t . u 

an interrelation of population, the formula for which is developed 
in Chapter XI as T -2 IP 2 . 

Our system reduces his seven subcategories to four, which are 
both more parsimonious and more directly measurable. Accord- 
ingly, we see our system as not contradicting Eubank’s system, 
but more as a further refinement of his (perhaps somewhat as his 
system rearranged and sought to make Yon Wiese’s system (Ref. 
79) more objective). Certainly, the present author has taken 
more from Concepts of Sociology than from any other book on 
Sociology. 


C. Order of Presentation of the Sectors 

Before proceeding to analyze the indicator sector by its scripts 
note should be taken of the order in which the following chapters 
discuss the sectors and their combinations. In expounding the 
sectors, the quantic classification, visualized as a solid diagram 
in S. 33, Ch. II, is to be followed. But alternative routes for fol- 
lowing through its cells are possible. The route here chosen is to 
take up each sector in turn in Parts II to V of this volume, be- 
ginning with the more general and important sector of human 
characteristics, I; going on to explore their combination with 
enumerated populations, P ; and then combining the spatial and 
temporal sectors, L, T. In each sector its variations, as specified 
by the scripts will be taken up, beginning with the exponent 
which determines the sectoral quantic, proceeding to the class 
scnpt which specifies the variety of indices in that sector, and 
going on to the class-interval script and the case script. In each 
part after discussing its sector alone, its combinations with the 
sectom pre^ously discussed wifi be cumulatively built up. We 

Sf™ thTf “Tf v v L ‘ P ‘ wUch * the three 
ceils '“fetamWlmoJ to bottom frontmost in the quantic 

solid, S. 33, Ch. II. This array in Chapter III of Part II is dis- 

qMK r iv ! Mcat ° rs - *■ <*■»«*£ 

■n^Poi-fT^ Micators ’ P- Then, in Part III, 

arrlv -Y, array ceU3 just 0Ter «“> above 

PlmA (Ch w PP L.p.^r " P ‘ Bta ), tin ? ^ its cell of 
eoumWvrith ' = ‘1“™ “ u vbere plurels are com- 

“ d 148 ^ ““ « oompormded^t J icond de^ 
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indicators in Correlation (Ch. VI, T° I 2 L° P 1 ). Chapter VII then 
takes up the top array of cells where people are interrelated with 
people, P 2 , in a group in qualitative, quantitative, and correlated 
ways (T° I 0 ’ 1 ’ 2 L° P 2 ) . The third index of geographical space, L 1 , 
is then studied in its lineal, areal, and voluminal combinations 
with indicators and population (Ch. VIII, T° I' L 1 - 2 - 3 P p ). Finally, 
the introduction of the fourth index of time, T, takes in dynamic 
situations of Change, subdivided into Durations (Ch. IX, 
T +1 V L 1 P p ) and Processes (Ch. X, T~ 1 I i L 1 P p ), an d the dy- 
namic situations of Accelerations (Ch. XI, T -2 P L 1 P p ) which 
include societal forces (T -2 1 1 L° P 1 ) and societal control (T~ 2 1 1 
L° P 2 ). A summarizing chapter follows, applying the system as a 
whole by exploring the extent to which it aids in predicting phe- 
nomena in the social sciences. 3 

The point of thus outlining the order of the chapters ahead is 
to emphasize the rigorous adherence throughout this volume to 
the quantic classification on the basis of the mathematical ex- 
ponents in the four sectors. 

II. THE INDICATORY EXPONENT , | f 

The characteristics of people and of their environment may be 
observed in three levels — as qualitative characteristics, as quan- 
tities or intensities of those qualitative characteristics, and as 
correlated characteristics. These three can be denoted by the 
indicatory exponent of zero, one, and two respectively. 

| ! = 0,1,2 (Eq. 2, Ch. Ill) 4 

A. Qualitative Indicators, 1°, “Attributes” 

A characteristic may be a qualitative phenomenon, a unitary 
kind of something. It may be distinguished, named, and even 
dealt with, without any knowledge of its amount, intensity, or 
other quantitative aspect. It may be a unique complex of phe- 
nomena ranging from a relatively simple type, such as a picture 
in S. 5, Ch. Ill, to a relatively complicated type such as the 
institutions verbally represented in S. 2 and S. 4, Ch. III. (Other 
examples are given in S. 1 to 7, Ch. III.) Since it is a unitary 
kind of something it may be mathematically symbolized by an 
indicator with a zero exponent. A zero exponent reduces any 
variable to a constant with the value of unity: 
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x° = 1, therefore 1° = 1 = the “attribute” or qualitative indicator 

(Eq. 3, Ch. Ill) 


What the quality is, what kind of thing it is, is denoted by the 
class script. An indicator with a zero exponent representing a 
qualitative characteristic will be called an attribute ( = 1°) . The 
statement that qualitative societal phenomena can be usefully 
represented by an indicator with a zero exponent (and suitable 
other scripts) will be referred to as the “attribute hypothesis.” 

The invention of the attribute symbol is a simple piece of 
notation but its usefulness may prove to be very great, for it 
brings within the fold of mathematical entities the whole range of 
itemized qualitative phenomena, usually deemed outside the reach 
of precise mathematical reasoning. 5 * Of course no magical trans- 
formation of mystical entities into crisp mathematical equations 
is to be expected by merely dubbing a quality an 1°. But a useful 
new set of relations is opened up, as well as the possibility of 
much more being discovered, by means of this symbolic tool, as 
will become evident on reading further into the evidence here 

presented. 

1 


B. Quantitative Indicators, I 1 , “Indicants" 

Whenever qualitative phenomena are observed more closely 
they may be seen to vary in some quantitative way The intensity 
of the quality may have degrees. Thus, almost every quality 
that has been named in language in the form of an adjective, or 
an adverb, can be compared in three degrees, grammatically 
called positive, comparative, and superlative. Thus, we think of 
spiritual qualities as most remote from mathematical expression, 
yet we think of this personality, that meeting, or this other service 
of worship, as being “more spiritual” than some other. Every 
such comparison with a “more” or “less” in it denotes an im- 
ptat quantity, some rough scale for judging, which we may not 
a le to put into words, but which we feel and act upon. Every 
qusditative entity m the form of a noun or a verb may be quan- 
tified by the frequency of its occurrence, by the quantity of such 
entrbes, by relating it to others in some kind of a series, or by 

lte P r °perties. These properties, in turn, may exhibit 
* rw _ mor ^or less in comparison with the properties of other 

~ e ‘ ' " >d 8a ~ <s ’ Ch - ln ' see aotea at the end of the chapter. 
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similar entities. Thus, we compare Health Departments in de- 
grees of efficiency; we compare our enjoyment on two different 
occasions, the relative beauty of people or artistic creations, the 
simplicity or convincingness of a theory, the ethical value of 
different acts, and so on through most of the supposedly purely 
q uali tative phenomena in life. Usually the issue is not so much 
whether a qualitative phenomenon has quantitative aspects, but 
whether any objective and definite scale or units can be devised 
to measure those quantitative aspects. The issue in this form is a 
challenge to further research. By ingenuity and persistent effort, 
precision of observation may be increased, though to what extent, 
requires a lapse of time to answer. This hypothesis that any 
quality can be quantified, theoretically at least, even though 
practical and objective means are lacking, will be termed our 
“indicant hypothesis,” for indicant is the term to be used here- 
after to denote a quantitative indicator, symbolized by I 1 . An 
indicant, definable as an indicator with an exponent of one, means 
a quantity of some kind of thing (the kind denoted by the class 
script) . 

An indicant may always be thought of as a product of an attri- 
bute and a “pure” indicant: 

1° X I +1 = I +1 = the “indicant,” or quantitative indicator 

(Eq. 9a, Ch. Ill) 

Multiplying a quantity by unity leaves its value unaltered, but 
if one particular quality is identified by the attribute, as when it 
has a descript, I® then the product is a certain number of units, 
I +1 , of that particular kind: 

■ I® X IJ = I) (Eq. 9b, Ch. Ill) 


Ordinarily such a product of an attribute and an indicant is not 
explicitly written but is understood, just as every algebraic letter 
is always understood to have a coefficient of one, if no other 
coefficient is written. The student should, however, realize that 
the symbol I) denoting the number of units, I, of the kind spec- 
ified by the singular class script, |„ is decomposable into a par- 
ticular attribute, I®, times a pure number (a pure indicant If x ), 
which, when alone, simply states a number of units without stating 
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of what kind. The unwritten attribute which is understood from 
the descripts to be present, is termed an implicit attribute. 6 

This product of a qualitative indicator and a pure quantitative 
indicator is fundamental in dealing with the other indices of 
population, space, and time. (Compare Eq. 4, Ch. IV; Ea. 5 
Ch. VIII; and Eq. 8, Ch. IX.) 

The units of an indicant may be called I-units. This term is 
convenient for this technical denotation, as a general class con- 
cept for the units of all kinds of characteristics is much needed 
in societal statistics where various terms, such as “scores,” 
“points,” “credits,” “percentage units,” “index uni ts,” and 
other specialized names of units, all have restricted connotation. 

An index may next be defined as a function involving an indi- 
cator. It may be a sum of indicators, or a product of indicators, 
and time, space, population, or compounds of these. Products 
and sums include ratios and differences as the product of a recip- 
rocal and as the sum of positive and negative quantities. The 
index will be symbolized by an indicator in parenthesis, (I). 7 * 
Wherever desired, an index may be written explicitly, by spec- 
ifying its factors, or its addends, within the parenthesis (such as 
(IP -1 ) denoting a mean or per capita indicator). An index is a 
compound indicator because it has the properties of an indicator 
and enters into further compounds with other indices. 

An important class of index is the dynamic one of an indicant 
per period (a velocity of change or process). This dynamic index 
is symbolized as (IT -1 ). Its units are events, acts, or things 
ppening in time. Examples are births per year, wages, or 
expenditures per week, tons per month, telephone calls per day, 

etc. (Fuller examples and definitions are reserved for Chapter X, 
dealing with Change (T -1 ).) 


% 

C. Correlated Indicators, I s , “Correlates” 

Tim indicator with an exponent of plus two (I+ 2 ) occurs in the 
^relation of two mdicators. In essence it is the cross-classifica- 

X° f a , U tJ f clas ® es of one indicator with all the classes of the 

Smee this is usually combined with the fre- 

wntff l L°npt ! 1 K < ? md6 t (SUCh aS perS0ns or dates ) ^ the form of a 
tingency table m the case of attributes, and in the form of a 

Eq. 10, Ch. in, see notes at the end of the chapter. 
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correlation scattergram in the case of either indicants or indices, 
discussion of it is deferred until Chapter VI on Correlation, 
(I I 2 * * * * ). The indicator with an exponent of 3 occurs in measuring 
the skewness of a distribution and in other functions of the third 
moment. This and higher exponents are studied in Chapter V 
as they occur only as compounds with other indices. In the special 
case where the two indicants are identical, instead of the correla- 
tion coefficient, we have the variance of the indicant. 

Turning from the positive indicatory exponents to the negative 
exponents, the most common type is the simple index number, 
or ratio of one indicant to another. The divisor is usually a 
particular or constant value of the variable numerator, such as 
in index numbers relating the annual amounts to the amounts in 
some year taken as a base. This index number (not to be con- 
fused with our more inclusive "index”) simply changes the units 
in which the numerator indicant is expressed. Its observed units 
are changed to units relative to the denominator. The indicator 
with a negative exponent never occurs alone. It is a divisor and 
always requires a dividend. 8 * 

An indicatory exponent of minus two is rare. It would denote 
an index number recast into units of still another indicant, a kind 
of index number of an index number. 

The meaning of the indicatory exponents may be summarized 
as follows : 



I +1 


= an attribute (Eq. 12a, Ch. Ill) 
a qualitative characteristic 

= an indicant (Eq. 12b, Ch. Ill) 
a quantitative characteristic, 
I-units 


an ordinary indi- 
cator, a qualita- 
I 0,1 = tive or a quanti- 
tative characteris- 
tic 


I e = 

an indicator 
to any power 


1+2 = correlated indicators, 2 cross- 

classified characteristics 

I -1 = something per unit of the indi- 

cant 


(Eq. 12c, Ch. Ill) 


(Eq. 12d, Ch. Ill) 


I +1_1 — an index number 


(Eq. 12e, Ch. Ill) 


(I) = 2 r(I') e = an index, a compound indi- 

1 cator ; the sum and /or prod- 

uct of indicators and indices 

from other sectors. (Eq. 12f, Ch. Ill) 

* For Eq. 11, Ch. Ill, see notes at the end of the chapter. 
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III. THE INDICATORY CLASS SCRIPT, 


i 


A. Definitions 

The class script on the indicator, | f , denotes the number of 
indicatory indices. The prime on the class script U (or I,) denotes 
the particular identified indicator (i.e., one class of character- 
istic). 9 It states the qualitative kind of indicator. The lower case 
letter, U denotes the aggregation of indicators of different kinds. 10 

In order to understand what an indicator is, the legends of the 
graphed situations, S. 1 to 15, Ch. Ill, should be studied. Usually 
the indicators are evident from the title and captions of the table, 
graph, or other presentation of quantitative data. For borderline 
cases, the rules in the Appendix have been induced to increase 
clarity of definition and reduce ambiguity between different 
analysts in identifying the indicators of a given situation. A class 
script may be expanded into a classification by subdividing the 
class into subclasses. 

In general a first class script may be thought of as a principle, 
often called the “basis” of classification, which is the broadest 
class of the phenomena presented in the S-situation. Its qualita- 
tive subclasses are denoted by the subclass scripts Ip ;j;fc , etc. 
This can be expressed with more generality as any organization, 
hierarchical system, or classification of characteristics, either 
qualitative or quantitative : 


Iv : i : k : . . . : ■ = a hierarchical classification of characteristics 

(Eq. 13, Ch. Ill) 

When dynamic characteristics of a person are specified, this 
formula can describe personality as an organization of traits, 
and “human nature” as the collection of “instincts,” or native 
human traits (if they should ever be specifiable!). This formula 
describes an institution when the class scripts specify its type 
I»rts, as in Chapin’s analysis (S. 4, Ch. Ill) of institutions into 
type parts of property, attitudes, a code, and symbols. It 
can describe a culture, subdivided into culture complexes and 
composed of culture traits, in general or in particular, as specified 
by the legend stating what the symbols represent. The form of 
situation as a hierarchical classification is common to them 
Of course the S-notation performs no magic alchemy in that, 
if the recorded data which are presented in this form are made- 
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quate, inaccurate, or inappropriate, the formula will include these 
faults. The formula merely requires specifying that the data be 
in the form of classes and subclasses and sub-subclasses, etc. But 
by namin g, listing, and arranging these classes, the formula may 
stimulate greater exactness in specifying what is denoted by such 
inclusive and vaguely defined concepts as “human nature,” “per- 
sonality,” and others. 

What is a subclass and what is a class, is relative. It is defined 
by what is presented in the table, graph, etc., which defines a 
given S-situation. In general, the broadest qualitative class in 
that situation is a class, its subdivisions are subclasses; both 
together are a classification. By changing the situation, as in 
omitting part of a tabulation, the classification may be changed. 
An indicator is exactly defined as only relative to a defined situation. 
This disposes of the quest for absolute, elemental entities for 
sociological analysis. It avoids the opposite quagmire of verbal 
relativities by its exactness in defining the datum, or the situa- 
tion in a table, graph, etc., relative to which the definition of 
the indicator can be proved experimentally to have high objec- 
tivity, i.e., agreement between different observers. This relative 
definition of an indicator is, mathematically, that an indicator is 
one array of the matrix which defines the situation; an example 
is the achieved freight tonnage column in the Russian 5-Year 
Plan as presented in the matrix, S. 31, Ch. II. In Eubank’s 
tabulation of the categories of phenomena, S. 6, Ch. Ill, there 
are four qualitative indicators (I- 1 ) cross-classified against two 
others, as shown by the four columns and two major rows of the 
matrix, and also by the two multiple class scripts. In the graph 
of farm modernization (S. 8, Ch. Ill), the five indicators denoted 
by the multiple class script are the five rows tabulating five 
kinds of farm equipment. What is an indicator becomes very 
definite when stated thus. Tabulating the data into the form 
of matrices then is an operational technic resulting in a more 
definite “operational definition” of an indicator. 

B. “ Dissimilarity ” or “Differentiation” 11 * 

The size of the class descript measures the degree of “dissim- 
ilarity” or “differentiation,” existing in the situation as presented. 

* For Eqs. 14a-c, Ch. Ill, see notes at the end of the chapter. 
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(The process of “dissimilarizing” and its reverse “similarizing” 
will be dealt with in Chapter X when considering dynamic phe- 
nomena.) The larger the number of kinds of things in a situation 
and the greater the hierarchy of subclasses, the more differ- 
entiated the situation is. Thus, in the graph of city noise, S. 1 
Ch. Ill, the top half of the graph, which analyzes noise into 
eight major sources, is proportionately less differentiated than 
the whole graph, thereby differentiating these eight into sixty- 
seven more specific sources. For another example, S. 3, Ch. Ill, 
“Objectives of Agriculture,” is the summary of a booklet ex- 
panding the six objectives into subobjectives with an exposition 
of each. The situation defined by the booklet obviously has 
greater differentiation than the situation defined by the sum- 
mary page and would be so denoted by subclass scripts (such as 


C. A Classification of Indicators on the Basis of Their Content 

The vast scope of indicators of the characteristics of people 
and their environments has been suggested. A fuller outline 
attempting a tentative classification of indicators will now be 
presented. This outline, modified from Bernard’s classification 
of environments (Ref. 3, p. 75), seems the best available to sys- 
tematize the indicatory sector. But it faffs far short of fulfilling 
the canons of classification in that many indicators will un- 
doubtedly turn up which have no class clearly made for them, 
or which might go into more than one class. The canons of total 
mdusiveness and of no overlapping will be unfulfilled to that 
extent. Its imperfections, however, may stimulate others to im- 
prove upon it. The aim in selecting the class rubrics has been 

e practical one of making the class boundaries as definite and 
objectively determinable as possible. 12 The subclassifying has 

been earned to the point where measurable indicators of the 
societal characteristics seem determinable. 

L < Ph ^ *• s. s, ch. id 

b ^^ 14 , season f> Md annual averages and deviations 

c. ' SSdtv-iivhr s ’ daa ?’ seasonai ’ and 

d. Air IUn ® magnetlsm (compass), static, cosmic rays, volts, etc. 

(1) Density barometric pressure 



a. mi 


INDICATORS, I 


147 


(2) Motion — kilometers per hour of breeze, wind, tornado 

(3) Purity — smoke, dust, etc., particles per c.c. See S. 18, Ch. VIII 

(4) Chemical elements — proportion of oxygen, noxious gases, etc. 

e. Water 

(1) Gaseous — humidity — percent of saturation in the atmosphere 

(2) Solid — snow, hail, ice — centimeters per year, thickness, frequency of 
bergs 

(3) Liquid — annual rainfall, volume per period in springs, reservoirs, and 
rivers. See S. 40, Ch. XI 

f. Soil 

(1) Size of particles — rock, gravel, sand, earth, and dust 

(2) Chemical composition — proportions of the chemical elements and 
their compounds 

g. Subsoil — mined natural resources 

(1) Coal, oil, iron, etc. — tons, volume, or percent in an ore, or monetary 
values 

(2) Geological formation — igneous, aqueous rock, etc. 

h. Natural physical processes 

(1) Earthquakes — seismograph record, cost in life and money 

(2) Tides — height, shore topography 

(3) Gravity — cms. per sec. per sec. towards the center of the earth 

(4) Radiation — radioactivity of radium, etc. 

(5) Combustion — area, temperature, damage in lives or money, fires, vol- 
canic eruptions, lightning strokes, etc. 

(6) Chemical composition and decomposition — heat units, volume or 
weight per period of various ingredients and products 

(7) Erosion — area or volume per year 

(8) Other physical processes 

2. Biological or organic indicators (Biological Sciences, cf. S. 29, Ch. X) 

a. External to the individual (Botany and Zoology) 

(1) Micro-organisms — density per c.c. in water, blood, etc. Mortality and 
morbidity rates caused by germs 

(2) Insects and parasites— density, geographic area or percent of popula- 
tion infested, morbidity rates, financial damage, etc. 

(3) Larger plants used for food, clothing, shelter, etc. — area found, tons 
or volume collected, financial values, etc. 

(4) Larger animals used for food, clothing, etc. — heads, pelts, tons, finan- 
cial values 

(5) Harmful larger plants and animals — numbers, areas, cost of damage 
in units of human life, labor, or money 

(6) Prenatal environment — biochemical indicators, blood sugar, position 
of foetus, pelvic measurements of mother, percent breech presentations, 
etc. 

b. Internal to the human individual (Human Anatomy and Physiology) 

(1) Anatomical characteristics 

(a) Colors of skin, eyes, hair 

(b) Cephalic and other length indices 

(c) Hair texture 

(d) Height and weight 

(e) Other indices of special interest to the doctor, athletic coach, physi- 
- cal anthropologist, beautician, etc. 
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(f) Fingerprints, palm prints, ear molds, retinal photos, and other 
identifying patterns 

(2) General physiological processes 

(a) Reproduction— births per specified population per period See 
S. 35, CL VI; S. 9, Ch. XII 

(b) Digestion— quantities of food and water consumed daily, basal 
metabolism rates 

(c) Excretion— frequency, volume, consistency, color, chemical, and 
bacteriological analyses 

(d) Respiration— volumes, basal metabolism rates, inspiration- 
expiration ratios, etc. 

(e) Circulation of the blood— blood pressure, heart beating, color, etc. 

(f) Muscle tonus and strength— athletic tests, electrical instruments * 

(g) Growth— age, size, weight, height, indices of abilities 

(h) Death and decomposition — mortality per population per period 

(3) Neural— glandular processes (autonomic nervous system — Endocri- 
nology) 

(a) Perspiration — psycho-galvanic reflex instrumental readings 

(b) Adrenalin secretion— blood sugar, blood pressure, temperature 

flushing and blanching, saliva secretion, etc. ’ 

(c) Thyroid secretion— speed or sluggishness of mental and physical 
^ actl ® ns > basal metabolism indices, thyroid size, iodine content 

(d) Gonadal secretion-indicators of rhythms and extremes of sexual 

83 distnbution of nocturnal emissions, copulations 

(e) Other responses influenced by the pituitary, thymus, and other 
glands of internal secretion 

(4) Neural processes (Physiological Psychology) 

(a) Receptors indicators of sensory acuity 

(i) Visual — 

standardized reading distances 
color discrimination 
blindness scales 

(ii) nystagmus - e y e m* in reading, etc. 

distance of standardized sound heard 

twte such as Seashore’s for discrimination of pitch, intensity, 
rhythm, consonance, tonal memory y ’ 

p ysacal indicators of decibels, vibrations per second, beats, 

(iii) Gustatory and olfactory — 

'ft?' aweet ' tMto. and 

Si! w ' a ° TOT ' *>. tod, ™d 

^ pressunf r iSeS ^ ttre t 0lds anc ^ discrimination tests for 
nmscles, ’]Sre COOIness - Wsthetics of joints and 

anger symS^iSSS^^fror^^r ^ 

strumentally speech or other behavior, or m- 

(b) Brain — 

tofic&toiB ol the functioning of the central nervous system 
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retentivity and aphasias 
intelligence and feeble-mindedness 
psychoses (insanity) 


As far as inferred from 
available evidence to be 
chiefly determined by he- 
^ reditary, glandular, and 
physiological factors, more 
than by instructional fac- 
tors. See S. 11, Ch. V; 
S. 44, Ch. X; S. 2, Ch. XII 


(c) Effectors — 

indicators of capacity for speech and other co-ordinations, the par- 
ticular expression of which is more culturally determined 
range, speed, strength, endurance, delicacy, etc., of motor co- 
ordinations that are relatively untrained 15 
3. The cultural (super-organic) indicators (Social Sciences) 

a. Physico-cultural (material) indicators (Applied Physical Sciences, such as 

Engineering). See S. 18, Ch. XI 

(1) Tools — number, blueprint specifications, efficiency ratings. See S. 26, 
Ch. X 

(2) Weapons — number, effective distance, area, and force. See S. 13, 
Ch. II 

(3) Ornaments — catalogue specifications of materials, sizes, shapes, prices 

(4) Machines — (as for tools), horsepower, production per period. See S. 25, 
Ch. X; S. 28, Ch. XI. 

(5) Transportation systems — kilometrage of roads, railways, canals, air- 
ways, wiring, piping; number of vehicles, ships, airplanes, ports; ton- 
nage; passenger miles; capital invested; profits. See S. 23, Ch. VIII; 
S. 59, 60, 68, 84, 83, Ch. X; S. 39, Ch. XI 

(6) Communication systems — kilometers of telephone, telegraph, and 
cables; telegrams and cables per period; pieces of mail per period; pages 
of print, sales or circulation of printed matter; broadcasting stations, 
hours, receivers; movie films, attendance, receipts per period; number 
of lectures, meetings, conferences, visits, etc.; vocabulary in diction- 
aries; Braille publications, and signs for the deaf; etc. See S. 72, Ch. X; 
S. 15, 16, 26, Ch. XI; S. 22, Ch. XII 

(7) Household equipment — architects 7 and contractors 7 specifications, in- 
ventories, Chapin living-room index of socio-economic status, housing 
schedule cards, rooms, or floor area per person. See S. 6, Ch. II; S. 30, 
73, Ch. X; S. 8, Ch. XI 

(8) Equipment of office, store, factory, farm, mine, and fishery — invento- 
ries, financial values, production and other ratings. See S. 8, Ch. III. 

(9) Apparatus for scientific research, religious worship, education, amuse- 
ment, and other specialized purposes — inventories, costs, ratings, age. 

a See S. 32, Ch. XI 

b. Bio-cultural indicators (Applied Biological Sciences, such as Agriculture) 

(1) Non-human 16 

(a) Useful bacteria for fermenting, inoculating, etc. 

(b) Domesticated plants (and derivatives) used for food, clothing, 
shelter, medicines, ornaments — hectares cultivated. See S. 12, 14, 
Ch. VIII; S. 44, Ch. XI. Tons, volume, or number produced, 
monetary values 



150 


THE CHARACTERISTICS SECTOR, }l 


i T i 


[Pt. II 


(c) Domesticated animals (and derivatives) used for food, clothing 
etc. — heads, tons, financial values 

(d) Domesticated animals used for draft and power — heads, horse- 
power, financial values. See S. 25, Ch. X 

c. Personal-cultural indicators (Psychology) 

(1) Behavior of one person as a function of the stimulus-situation S 
organic factors, 0, and previous experience, E. (B = S;0;E). Among 
the many bases for classifying the behavior of an individual a few 
examples, of use to sociologists, are : 

(a) Classification by time sequence. See S. 21, 31, Ch. X 

(i) Stimulus 

I 

(ii) Cognition —Information tests. See S. 34, Ch. II 

I 

—Interests tests such as Strong’s for vocations 


(iii) Interest 

(iv) Desire 


—Indicators of emotional reactions, psychoanalytic 
indicators, speech and other indirect behavior- 
istic indicators. See S. 27, Ch. II 

(v) Attitude —Attitude tests such as Thurstone’s, Allport’s 

1 etc. See S. 12, Ch. II; S. 11, Ch. Ill; S. 8, Ch V- 

S.l-5, 12, 13, Ch. VII; S. 18, 52, 54, Ch. X*’ 
S. 24, Ch. XII 

(vi) Action 

(Response)— Verbal, photographic, and other records of di- 
J rect observation (diaries, life histories, etc.) 
See S. 24, Ch. II ' 

(vu) (Values) -Realization of satisfactions, from the action 

images of which were part of the stimulus- 
situataon. See S. 13, Ch. II; S. 3, 13, Ch. Ill; 

(b) Classification by frequency " ’ ‘ 31, CL ^ 

w TSra See s ' 38 ' CL x 

ne'S^r 11868- ^ 6 ^ 8 ° f P^Aithdrawal, disapproval 
MshH P ^r nSeS ~ m r at0rS ° f neutraI res P onse s, indifference 
^See S. 34, P Ch. e xi mdlCat ° rS ° f pIeasure ’ a PP roach , approval. 

(2) Behavior of a plurel of persons (Cultural anthropology in narfi 
Surtar classifications with appropriate terms as ® ? ) 

^Sces^” 168 PUbhC °P™ on ”~ vo tes, editorials, telegrams, 
^ ecome “customs,” “folkways”— schedule cards 

evaluation ktem^of e S peech ° f ^ gr0Up ’ s P ositive 
fice of oth^r ttqIit P , ^ r . e ^ c ^ lons J time, effort, money, sacri- 

Ik mores .t issoe ih S.EaT s's'^cf XTr^ 

ZMSJ&szssrJ'-'H »&****. Cul- 
zLr**" - «» 
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(1) Segmental. Cf. S. 19, Ch. II; S. 16, Ch. XII 


Institutional 

Interest* 

Some Indicators 

Roughly 

Suggested 

Groups 

Controlled 

(a) Domestic 

Family 

Sex, age, kin- 
ship and resi- 
dence indica- 
tors 

(b) Economic 

Wealth* 18 

Occupation 
and income in- 
dicators 

(c) Political 

Power 

Party, office, 
police, mili- 

tary, and na- 
tionality indi- 
cators 

(d) Educational 

Knowledge* 

Examinations, 
degrees, honors 

(e) Medical 

Health* 

Certificates, di- 
agnoses, mor- 
bidity, mortal- 
ity, hygienic 
ratings 

(f) Recreational 

Sociability* 

Refreshment 

Fraternal so- 
ciety and club 
membership ; 
friends; fre- 
quency, vari- 
ety, and num- 
ber of partici- 
pants in sports, 
and amuse- 

ments, enter- 
taining guests 

(g) Ethico- 
religious 

Rightness* 

Scriptures of 
each religion, 
pulpit and edi- 
torial exhorta- 
tions, rites and 
ceremonies 

(h) Aesthetic 

Beauty* 

Exhibits, muse- 
ums, concerts, 


Examples in 
Graphed 
Situations 

S. 6, Ch. II; 
S. 10, Ch. Ill; 
11-IV; 1-V; 

35-VI;14-VII; 

6- IX; 13, 37, 
76-X; 43-XI; 
5, 6-XII 

S. 7, 10, Ch. 
IV; 14, 27, 32, 
36, 39, 40, 45, 
46, 47, 56, 69, 
79-X; 25-XI ; 
20, 26-XII 
7, 10- VII; 22- 
VIII; 10, 35, 
61, 63-X; 27, 

33- XI 

34- 11; 13-V; 

30, 31, 32, 41- 
VI; 9-IX; 5, 
70-X; 5, 29- 
XI; 4, 10-XII 
30-11; 12— III ; 
9-IV; 1, 6, 7, 
9, 12, 62-X; 7, 
19-XI; 13- 

XII 

7- V; 13-VIII; 

4-IX; 55-X; 

30-XI 


1-IV ; 2-V ; 34- 
VI; 10-IX; 42, 
18-X; 10, 14- 

XI 


24-XI 
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Institutional 

Groups 


Interest? 

Controlled 


Some Indicators 

Roughly 

Suggested 


institutes, 
ticket receipts, 
ratings 

(i) Linguistic Communica- Dictionaries, 

tion grammars, 

courses 

(j) Racial Race Coloring, ce- 

phalic indices, 
etc., blood typ- 
ing 

(2) Communal common interests combining segments, 

e.g., Nomadic, agricultural, and urban 
communities in Arabia; Hindu, Moslem, 
English communities in India; Arab 

(Christian, Moslem), Jewish in Pales- 

tine; Italian, Jewish, Negro co mm unities 
in New York City; “ Gold-coast,” slum 
com muni ties in a metropolis; Mormon, 
gentile communities in Utah; Proprie- 
tors, serfs, or tenant peasants; Foreign 
minorities, natives; Summer resort club, 
rural residents; etc. 


Examples in 

Graphed 

Situations 


40-VI; 2- 
VIII; 72-X; 
1-XII 

15-11; 5-IV; 1, 
2, 12- VII ; 1, 
11, 22-VIII; 
15, 66-X 
weighted per- 
cent of above 
indicators 
shared, S. 4-V 


S. 3-XI 


The above classification will probably not satisfy the physi- 
ologists, psychologists, and other specialists any more than it 
satisfies the author . 19 This unsatisfactoriness may, to the spe- 
cialist, be partly due to an emphasis by the sociologist on factors 
most relevant to societal phenomena, which may differ from the 
relative emphasis on topics within a science. It is due in part to 
Refined categories, which often overlap on the one hand and 
fail to provide a suitable pigeonhole on the other. Also, it is 
partly due to the trespassing by a specialist in one field into 
other fields. The justification for presenting it at ah is that it 
may give the student a somewhat orderly and comprehensive re- 
mmder of the extent to which quantitative indicators have been 
developed especially in the field of the social sciences. 

It may be noted that the inadequacies of the above classifica- 
tion do not affect the quantic classification of S-theory. AH indi- 

°if ° f the quantic table > namely the attribute 
jf , for ^tatave characteristics, and the indicant cell for quan- 

^fore, changes in the above L of 

“ ** 1S “- d ’ Oi. m, aseaotae at end oj the chapter. 
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indicators, provided that time, space, and the number of people 
were not included, would not affect the precision of the larger 
quantic classification. 

This classification of indicatory characteristics is not a defini- 
tion of them. The student should not hesitate to call some phe- 
nomenon, or property of phenomena, a “characteristic” simply 
because he may find no class for it in the classification above. 
Anyone is free to call anything a characteristic in this system, as 
long as it is not time, space, or population. For scientific pur- 
poses, however, it is incumbent upon him to present evidence as 
to the limits, reliability, and validity of the indicators he pro- 
poses for that characteristic (if such indicators have not already 
been established) . 

The relativity of indicators needs stressing again, as students 
often desire a more absolute definition for intellectual anchorage. 
An indicatory, or any other homosectoral index, is a classification 
and may have classes and subclasses. The classification above is 
then a classification of classifications in an indefinitely expandable 
hierarchy of human knowledge. What in this hierarchy is a single 
index is defined by the situation, as presented in the table, graph, 
or paragraph analyzed. It may be a minute subclass, or it may 
be as broad as all knowledge, as in S. 5, Ch. II, the classification 
of the sciences. 

IV. THE INDICATORY CLASS-INTERVAL SCRIPT, ;| 

A. Definitions and Notation 

The next script to be taken up is the class-interval script of 
the indicator. Its symbol is a pre-subscript. A lower case letter, 
i|, denotes , the number 21 of aggregated class-intervals of that 
index. As usual the prime on the descript, s »|, identifies a par- 
ticular one of the class-intervals. 22 

B. A Classification of Indicators on the Basis of Their Precision 

The class-interval script ordinarily specifies the units and is, 
therefore, intimately involved in the whole question of what 
constitutes true units and measurement. Our answer to this 
question is that man observes phenomena with varying degrees 
of precision which can be roughly described as : 
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1. Attributes = 1° (Eq. 16a, Ch. Ill) 

2. All-or-none indicants = 2 I or 1,0 I (Eq. 16b, Ch. Ill) 

3. Ordinal indicants = ! I (Eq. 16c, Ch. Ill) 

4. Cardinal indicants = J (Eq. 16d, Ch. Ill) 

5 . Matrices of indicants = -I; (Eq. 16e, Ch. Ill) 

6. Indices = (I) (Eq. 16f, Ch. Ill) 

7. Calibrated indices = a:z ; I ± <r (Eq. 16g, Ch. Ill) 

1. Attributes 

Observation starts with noting a quality, the existence of a 
something. To make this communicable it is named, the word- 
name becoming a symbol more conveniently handled than the 
qualitative phenomenon itself. This name may be our attribute, 
1°, representing a qualitative characteristic. It may be observed 
further by noting the properties, subclasses, etc., of a qualitative 
sort. 

2. All-or-None Indicants 

As soon as any quantity of the phenomenon, larger than one, 
is observed, it ceases to be a constant with unit value and becomes 
a variable. Some phenomena occur in nature in readily enu- 
merated form, such as the number of persons, dogs, trees, etc. 
But another primitive form of quantifying begins when the ab- 
sence of some phenomenon is noted. It is thus seen to vary over 
a range of two points, presence or absence. At this point, the 

constant unitary quality becomes a variable, a quantity of that 
quality. 23 

By assigning a value of zero to the absence of the phenomenon, 
and since its presence, an attribute, has already been defined as 
of unit value, this present-or-absent characteristic becomes the 
all-or-none indicant: 0, 1. The familiar percentage is always the 
mean of an all-or-none variable. 24 * (See S. 8, Ch. III.) 

3. Ordinal Indicants 

The next step is the crude distinguishing of degrees of the 
qualitative phenomenon. By comparing it with another, or with 
itself at other times, it is seen to be “more or less” in one instance 
ban m another. Thus, a nation’s prestige is said to rise or fall 

* For 17 and 18a-c, Ch. Ill, ^ notes at end of the chapter. 
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after some great events ; candidate A is judged to be better than 
candidate B, who is better than C ; child A is asserted to be more 
lovable than child B, etc. This judgment starts a rank series 
which is readily extended from two entities to a comparison of 
more entities, N in number. Such a series of ranks are ordinal 
numbers, i.e., numbers with relative magnitudes stated without 
the assertion of equal intervals between them. 25 * Since the ordi- 
nal indicant is a series of points 'without the connotation of equal 
units between points, the case (or “point”) script expresses this 
fact. An ordinal indicant is, therefore, usually symbolized by T. 
(See S. 24, Ch. II, and S. 12, Ch. Y.) All comparative and superla- 
tive degrees of adjectives or adverbs are ordinal quantities. 

4. Cardinal Indicants 

The next stage in refining the precision of quantitative observa- 
tion (i.e., measurement) is to discover, or define by convention, 
either an objectively determinable amount or one or two objec- 
tively determinable points. This amount (or region on either 
side of the one point or between the two points) is taken as the 
standard, or unit, and other amounts, by comparison, are deter- 
mined as multiples or fractions of such a unit. Familiar examples 
are the freezing and boiling points of water determining a tem- 
perature interval, one hundredth of which is defined as a degree 
centigrade. The act of divorcing defines a point on a continuum 
of marriage adjustment. Going to bed or being absent from work 
defines a point on a health scale and defines morbidity rates as a 
percentage of the all-or-none status of being sick or not sick. 
Death is a point similarly defining mortality rates. The average 
score of children of each chronological age can define the corre- 
sponding mental age points. For indicants where the number of 
units is arbitrary (as when the number of items inserted by the 
examiner fixes the score range in some test of ability) the natural 
or absolute zero of raw scores is not a stable reference point. Here 
the mean score of a population and the standard deviation units 
of departure from the mean furnish a standard origin or fixed 
point of reference and a standard unit (J). (Its stability in other 
populations depends, of course, on the representativeness of the 
population on which it was standardized.) Amounts which are 

*For Eqs. 17 and 18a-c, Ch. Ill, see notes at end of the chapter. 
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expressed as multiples of a standard amount (i.e., equal and inter- 
changeable units) are called cardinal numbers by mathematicians. 
The cardinal indicant is symbolized in S-theory by J, an indicant 
with equal class-intervals, or by units, i in number. 

5. Matrices or Indicants 

In societal phenomena, it is not enough to observe the quantity 
of some phenomenon in one plurel at one time and place. Often 
observations must be taken in series, yielding a collection of num- 
bers for different dates, different regions, and different charac- 
teristics. Such data arranged in an orderly tabulation of rows 
and colu mns are called a matrix. Any rectangular arrangement 
of numbers is a matrix. Every statistical table is a matrix, and 
the data of every graph in this volume can be recast into a matrix 
form. To do so is an operational technic which often facilitates 
analysis by the rules of matrix algebra. 26 Some of the uses of 
matrices which sociologists could do well to develop are listed 
below: 

a. Their arrays are operational definitions of indices. (The 
whole quantic classification is a fourth degree matrix spec- 
ified by indices in general.) 

b. They enable handling data of greater complexity than can 
otherwise be handled in orderly fashion. (See S. 43, Ch. XI.) 

c. They yield insight into relationships as in the correlation 
scattergrams, the interaction matrix (Ch. VII), the matrix 
of societal control (Ch. XI), etc. 

d. They enable analysis of phenomena into uncorrelated ele- 
ments which may prove to be useful sociological “ atoms.’ ’ 
(See Ch. VI.) 

e. They often stimulate new discoveries and prediction from 
empty (nul) cells, trends, etc. (The formulae and new 

properties of “ societal interaction” and “ control” were 
thus discovered.) 

f. They enable the converting of sociological data into geo- 
metric terms where reasoning can be more rigorously 
checked. (See last section of this chapter.) 

g. They define terms like “culture base”; “culture complex”; 

culture traits ? (as a matrix, a subsection thereof, and an 
array respectively, of items from a schedule card). 
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The n um bers in a matrix, as it stands, are neither added nor 
multiplied together. They are simply collected side by side in 
what is termed an “aggregation.” Throughout this volume the 
terms “combination” and “combining” denote either an aggre- 
gation into a matrix, or a summation, or product (including dif- 
ferences, ratios, powers) into an index. 

The term “descript” will denote the three aggregative scripts 
(class scripts, class-interval scripts, and case scripts) in contra- 
distinction to the exponent denoting self-multiplication. A de- 
script is always aggregative, except when the operational symbol 
of the summation sign explicitly converts it into a single number. 
Thus, Ii = an aggregation of indicants, i in number: 

(Si) = (I Si ) = an index, a sum of indicants (Eq. 10a, Ch. Ill) 

i 

The singular descript, 0'|, i'|, or |i-), a primed descript, denotes 
one cell of a matrix. The multiple descript, (‘|, i|, |0, a lower case 
letter, denotes an array of the matrix. 27 The conventional symbol 
of a matrix is to enclose it between double lines || M ||. The 
descripts denote a matrix in S-notation. 

Hi = || I II (Eq. 19, Ch. Ill) 

6. Indices 

After observations have been assembled in an orderly matrix, 
some sort of simplifying or summarizing is needed to bring the 
complex table of numbers down to fewer numbers, or to a visual 
pattern which is within the liniited human span of attention. 
Graphs convert the tabulation into a visual pattern where rela- 
tions are more readily comprehended and remembered. The 
various s umm arizing indices of Statistics also serve this purpose. 
Thus, ratios, totals, means, standard deviations, correlation co- 
efficients, trend slopes, etc., are all indices which are operationally 
defined by their formulae which direct the operator as to how 
to compute them. Indices then are a further extension of measure- 
ment in reducing complicated and often incompletely homo- 
geneous data to quantitative expression in a linear scale. 

7. Calibrated Indices 

The final stage of precision in observation is to calibrate the 
measuring instruments so as to determine their degree of accuracy. 
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The scientist must know to what extent sampling errors, observa- 
tional errors, the range of observation, inequality of units at 
different regions of a scale, the choice of origin or zero point, 
bias from the type of index formula used, and other errors of any 
kind may have falsified, or rendered uncertain, his measured ob- 
servations. The experimental detection and isolation of the many 
types of errors and their elimination experimentally or statis- 
tically is a large field of methodology. A brief outline of the chief 
forms of calibration of societal measuring instruments may suffice 
here. Calibration of indices includes : 


a. Limits — definition of the field of obser- 
vation 

(1) Temporal — the bounding dates and 

periods = *T : 

(Eq. 20a, Ch. Ill) 

(2) Geographic — the region specified = JL? : 

(Eq. 20b, Ch. Ill) 

(3) Populational— the particular plu- 

rels or persons observed = p p ; 

' (Eq. 20c, Ch. Ill) 

(4) Indicatory units— the definition of 

the standard used — t 

i-*-/ 

,_ N T . (Eq. 20d, Ch. Ill) 

(o) Indicatory origin — the zero point 

of the scale _ ot 


(6) Indicatoiy range— the dispersion 
or limits 

b. Keliability— consistency on repetition 

under vaiying conditions. (See S. 48, 
Ch. X) ’ 

(1) Adequacy of sampling— dependent 
on the number of cases observed: 
Measured by: 

the standard error of sampling of 
the index S 


(Eq. 20e, Ch. Ill) 


= 1 or, a:z I 

(Eq. 20f, Ch. Ill) 


= '( 1 ) 

(Eq. 21a, Ch. Ill) 
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a measure of the amount of incon- 
sistency from an infinite number 
of samples of this size 

(2) Observer error (or its complement 
of observer’s reliability) 

Measured by: 

the significance ratios of the differ- 
ence in means between 2 or more 
observers for the constant or 
one-way errors = „( p,_p "I) 

(Eq. 21b, Ch. Ill) 

the correlations between 2 or more 
observers for variable or two- 
way errors = ( p " P "I) 

(Eq. 22a, Ch. Ill) 

(3) “Observand” error, i.e., error in 
the instrument-test, schedule card, 
questionnaire, interview procedure: 

Measured by: 

the significance ratio for constant 

errors, = <r(L-//) 

(Eq. 21c, Ch. Ill) 

the correlation coefficient for vari- 
able errors = I/.// 

(Eq. 22b, Ch. Ill) 

(4) “Observee” error, 28 i.e., error (or 
its complement, reliability) due to 
the responder, or informer. 

Measured by: 

the significance ratios and corre- 
lations between one responder 
on different dates (trials, re- 
observations) or between dif- 
ferent informers in the plurel 
under observation (family, 
firm, club, etc.) 

(Eqs. 22c, d, Ch. Ill) 


= »(*'-*"I) or ,( p '- p "I) 
(Eqs. 21d, e, Ch. Ill) 
and 

(t'-t"i) or (P'« p"i) 
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c. Validity - correlation (including contin- 
gency) with criteria, i.e., with other 
indicators of the characteristic under 
observation. Percent of common ele- 
ments or co mm unality with one or 
more such criteria: 


Measured by: 

the correlation coefficient of zero or- 
der, by the multiple correlation co- 
efficient and by the variance of the 
communality 

(See S. 1, 4, 8, 13, 14, 16, 17, Ch. VI) 


— I/.//, I/# ji, h 2 

(Eqs. 23a, b, c, Ch. Ill) 


01 


= L.i 

(Eq. 23d, Ch. Ill) 


bpecial case — Representativeness 
Sampling, 

Measured by: 

the correlation between category- 
frequencies in the sample and in 
the universe sampled (if known) 

— ' s 

This outline of what calibration of indices means is not e xha us- 
ti\e, but is intended to make the student of Sociology realize the 
many inadequacies of most current societal indicants and the 
necessity of mastering the methodology of scale construction 
field work, and statistics, if the observed data of sociology are to 
increase in precision. This improvement 29 in measurement is 
the fundamental task of any science. Theory is built upon it. 
Prediction and control depend far more on the accuracy of the 
observed data than on their statistical manipulation. 

this classification of indicators on the basis of their precision 
is a classification based on the properties of the unit (as denoted 

^ f C a£S '“ t6rVal SGri ^- But ^ ^ not solely a static 
jit I. ., | one. Observations which 

ordffialVwl CaVemen ma ^ have reached the 

nil ^1^5® Ages and (aided P erha P s by the intro- 

reamed the f a- & lc '® ndu system of decimal digits) may have 
^ched tte cardinal and calibrated stages only recently. In other 

qualities ° f Tt 7 phenomena ma y begin with noting 

qualities and ranks and become refined to calibrated indices. 
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While some phenomena occur in nature in a form readily ex- 
pressed in cardinal units, such as head of cattle, most phenomena 
require the invention and agreement upon some objective stand- 
ards before cardinal units emerge. Units are not inherent in the 
phenomenon; they are in the measuring instrument, or observer’s 
mind. Accordingly, the hypothesis of degrees of precision of meas- 
urement, outlined above, is a working hypothesis for the scientist 
in that it challenges him to find out whether observations that 
are now at any qualitative or roughly quantified stage can be 
made more precise. The S-theory aids in this by specifying in its 
notation the operational stage of precision to which the several 
indices of the situation have been developed. 30 

C. Comparability of Units 

The process of developing calibrated indices is often a long and 
arduous one. 31 It need not go through all the seven levels sketched 
above, nor go through them in sequence. It begins with exhaus- 
tive qualitative analysis, proceeds with the invention of objectify- 
ing indicators, goes on to their combination with suitable weights, 
and ends with their verifying by means of many calibrated tests. 32 
Then, even when cardinal units have been devised, there remains 
the problem of their vast diversity. There are thousands of dif- 
ferent kinds of units in use for societal phenomena. To get com- 
mon or at least comparable units there are various technics which 
may be summarized as (see Ref. 35, pp. 109 ff.) : 

1. Percentages — on observing the frequency of occurrence of 
all-or-none indicants, and calculating the mean and multi- 
plying by 100, there results a roughly comparable unit called 
a percentage. 

2. Ranks — by expressing quantities as ordinals (1st, 2nd, and 
3rd, most, more, less, least; quartiles, deciles, percentiles) 
rough comparability is secured. 

3. Money — to exchange goods and services they are evaluated 
and expressed in cardinal monetary units. 

4. Index numbers — to compare changes in diverse phenomena 
each may be expressed as a percentage of itself on a common 
date or period taken as the base, or as a ratio to a common 
variable. 

5. Standard deviations — diverse abilities may be compared by 
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expressing them in terms of probability, or of their frequency 
of occurrence in the same (or standard) population. 

6. Components and e elements — the technics of component or 
factor analysis in Psychology and the as yet undeveloped 
further resolution of these into minute numerous uncorre- 
lated e elements is a new technic. (See Ch. VI.) 

The last four types of units (#3-6) are cardinal units but may, 
of course, vary greatly in excellence of calibration. 

V. THE INDICATORY CASE SCRIPT, { | 

The case script, or point script, is the presuperdescript, ! | 
denoting the number of specified aggregated cases, or specified 
points on the indicant scale. The prime in the case script, as 
usual, identifies a particular point. 33 * 


VI. THE GEOMETRY OF INDICATORS, I 
A. Vectors and Scripts 


In expanding further the sketch of the geometrical interpreta- 
tion of S-theory given in Chapter II, the terminology of vectorial 
algebra will be found convenient though not essential. Since few 
sociologists have had occasion to study vector theory, a simple 
outline of the elementary principles of fine vectors is given in the 

footnote below where it may be ignored by the reader who is 
familiar with vectors. 34 f 

In applying the principles of vector theory to the S-theory, 
note first, that a vector represents an index. A quality is repre- 
sented geometrically by a point somewhere in societal n-space, 
and quantity is represented by a scalar, the length of the vector 
through that point and some other point of origin. Thus, an 
attribute is represented by a point which, together with the zero 
point representing the absence of that attribute, defines a unit 
vec or, il, while an indicant being an amount of some quality, or 
d of thing, is represented by any vector, I. Every vector is a 
£ ’V > f a ^t-veotor and the number of scalar units in its 

arn zi- , I?. 1 - J ector theoiy thus expresses a clean-cut math- 
ematical relationship between the qualitative and the quantita- 

t ve as a point determining a direction and as a length, respec- 


t For CiPttt 11 ’ 866 n ° teS at end of the ^apter. 

T for itqa. 26-31, Ch. Ill, see notes at end of the chapter. 
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Matrical situations, 35 such as a statistical tabulation, may be 
represented by a sheaf, or ray, of vectors, all emanating from a 
common zero origin. Thus, in S. 35, Ch. II, the three vectors, 
j \ fh \ nj) in this figure might be the geometric representation of 
three of the indicants of home status in S. 6, Ch. II. Any array 
of any matrix may be called a row (or column) vector. 

The indicatory class script states the number of indicatory 
vectors, just as, in general, the class script states the number of 
vectors in each of the other sectors. Thus, a single class script, 
I,, would be represented by one vector, and a multiple script by 
the same number of vectors as the number of indices it denotes. 
Thus, for example, in S. 14, Ch. Ill, the formula (I) i, where 
|. = 2, denotes two indices and would be geometrically repre- 
sented by two vectors. But these two resultant vectors (which 
may be correlated) can be resolved, as stated in the equations, 
into n uncorrelated components, i.e., into n orthogonal reference 
vectors. Each resultant vector can be expressed as a sum of a 
proportional part of each of the uncorrelated components called 
elements. The proportional part that each contributes is denoted 
by its loading or weighting coefficient, X (or Y) . Thus, in an 
orthogonal space of n dimensions (defined by the e elements), the 
S-situation defines two observed resultant vectors, x and y, in 
terms of the n hypothetical elemental vectors. Altogether in this 
situation there are n + i ( = j +2) vectors, which are the sum 
of the class scripts. 36 

The class-interval script states the scalar subdivisions (the 
units of length) of the vector representing the index. In the case 
of attributes each qualitative class is considered to be a unit- 
vector w hi ch is a vector of unit length. If there are subclasses 
these are considered the unit vectors, and the more inclusive class 
would be the resultant vector if the unit vectors were summed. 
If they are merely aggregated, the more inclusive class represents 
a sheaf of unit- vectors radiating out from a common origin. To 
consider, in a collection of qualitative entities, the value of each 
to be unity as is done by the zero exponent (1° = 1) is, in effect, 
weighting the qualities as quantitatively equal. In the absence 
of any better weighting this is the most convenient and logical 
weighting to conventionalize as the standard. Whenever there 
is known to be, or may possibly be, another weighting, coeffi- 
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cients may be attached to the attributes in order to express this 
Such coefficients convert the attribute into an indicant (or into a 
population, space, or period of some kind, if the coefficients are 
P, L, or T respectively). 

The indicatory case script is geometrically represented by 
points on the vector. The multiple case script states the number 
of specified points ; the singular case script (a primed letter) iden- 
tifies one point. Since any point taken in conjunction with the 
origin defines an interval along the fine determined by those two 
points, such a point connotes a distance as a by-product of denoting 
a point. Thus, in S. 15, Ch. Ill, the m -I states that three mean 

points (centroids at A, B, and C,) are specified in addition to the 
other vectors. 

In sum the vectorial formula for the indicatory sector is : 


the number of points = 1 

I 

the number of line-sects = J 


1 = the number (less one) of 
normals to each vector 
= the scalar length, the num- 
ber of I-units 
= the number of vectors 

(Eq. 32, Ch. Ill) 


B. Vectors and Operators 

Ihe vectonal meaning of the operational symbols is as follows: 

Jr,, ?! d<>t ’ * ’ “ USUal “ vector theory, denotes the scalar 
product of two vectors, 


1 / • hr 

The scalar product of two'unit 
coefficient) alone. 


= 1/ h, cos 6 (Eq. 28a, Ch. III), 
-vectors is the cosine (or correlation 


>h • rhr 


( 1 ) 


(1) cos 6 = COS e = r 

(Eq. 28b, Ch. Ill) 

F^t£L'ti dm ° te!S subd ™ 0 " ° f ^ vector m some way. 

be precisely specified in all situations Tt * *?' eanmg can 

scripts the colon denotes subdivid^ a ve^MotTT 

sects, as in subdividing a series of ° SmaUer hne ' 

years, t T, into years and months, 
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t . u T. Between class scripts the colon denotes that the vector 
becomes a ray of vectors. Thus Ir : represented as : 



means that the ray of vectors, Ij, are all in the general direction 
of Ij', which may be their resultant (i.e., vectorial sum), or their 
centroid (i.e., a vectorial average). Between indices a variety 
of interpretations for the colon seems possible. 37 * 

C. Dimensions Geometrically Defined 

Turning from the geometric interpretation of the operational 
symbols, the chief remaining geometric interpretation of S-theory 
to note, is that of the class and exponent scripts. The class script 
denotes the number of vectors which is the apparent 38 number 
of dimensions of the s-space occupied by that S-situation. That 
is to say, if there are s indices, as shown by the sum of the class 
scripts in the four sectors, these s vectors apparently require a 
hyperspace of s dimensions. 

1st + | si + (I 1 ) si + |s P = 1 2 a = number of apparent vectorial di- 
mensions in a situation 

(Eq. 35a, Ch. Ill) 39 

If those dimensions are orthogonal, 40 i.e., mutually perpendicular, 
they are a set of s Cartesian co-ordinates. 

The concept of “dimensions,” meaning an s-space determined 
by the directions of the s vectors, may be referred to as “ vectorial 
dimensions.” Their number in each sector of a situation will be 
symbolized by |s s , and by |s s , or simply s, for all sectors of the 
S. 41 f 

This specifies the number of societal dimensions in one situa- 
tion. But situations are arbitrarily delimited samples of societal 
data, and may range from situations of very minute and restricted 
scope, to situations of world-wide and permanent import. (E.g., 
compare the local, S. 1, Ch. Ill with the universal S. 6, Ch. Ill; 

* For Eqs, 33a-34 ? Ch. Ill, see notes at end of chapter. 

t For Eqs. 36a-d, Ch. Ill, see notes at end of the chapter. 
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the particular S. 6, Ch. II with the general S. 5, Ch. II, etc.) 
Can our situations, our gross units of observation, be combined 
so as to yield some estimate of the dimensions of society as a 
whole? If the question is qualitatively put as, “What are the 
societal dimensions?” it can be answered moderately well, but 
if the question is quantitatively put as, “How many societal 
dimensions are there?” it cannot at present be answered, except 
by the roughest series of assumptions and approximations. 

Dimensions, as here defined, are any distinguishable qualities 
whose amount, or at least whose presence or absence, is deter- 
minable. Dimensions pertaining to human society are conven- 
iently classified into four classes for general systematic purposes 
(T, I, L, P), and into further subclasses for the more specialized 
purposes of the various social sciences. The number of kinds of 
dimensions may thus be conventionally agreed upon and so spec- 
ified. The number of possible dimensions is an astronomical 
figure. It depends upon the following: 

a. every possible time series of dates or periods, grossly and 
finely subdivided, of any and every total duration from sec- 
onds to millions of centuries; 

b. every possible characteristic known to man. The classifica- 
tion of indicators by content above is a mere suggestion of 
the range of characteristics. The vocabulary of the largest 
dictionary is one rough estimate of characteristics that have 
been named for purposes of verbal communication; 

c. every possible spatial series of points, lengths, areas, vol- 
umes, single or many, small or large, everywhere and in 
every arrangement; 

d. all possible parties, including the two billion living people, 
plus the dead of the past, and every combination of them 
in pairs or larger plurels ; and finally 

e. every possible variation, combination, and permutation of 
the above. 

The salient fact is, not the enormous possible number, but the 
actual number which, relative to the possible total, seems an 
infinitesimal proportion— although it is still perhaps of the abso- 
lute order of 10 10 to 10 20 for a mere speculation. (See the estima- 
tion in Chapter VII for a closer estimate of a part of the field of 
societal dimensions.) But the total number of societal dimensions 
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is of little more importance than the equally rough estimate of 
the number of chemical molecules in the universe, when astron- 
omers do not yet know the exact limits or size of that universe. 
We can study types of dimensions, their uniformities of func- 
tioning under classified and specified conditions, their number 
in particular defined situations, and much more, all of which 
cumulatively enables man to make better practical adjustments, 
to progressively understand, predict, and control phenomena 
better. This is the function of science. Beyond that, is still meta- 
physics which we leave to philosophy. 


S. 1 



Automobile* 
TrucKa 

Busftft 

Hcmi 

Brake* 

Cut~outa 
Go 11*1 
|D*f*ctiv*"* 

B Unifier* 

iLKmt 
Whirtle* 

I Rattbnir-* 
Bert, 

| Rattling** 
Lo*.dL* 
Siren* 
Bells, 

| Doormat 
-WHutUs 


Trolley 
TT*dn* 
Subway 
Elevated 
Ratlroade^ 
TurnVtllaa 
Brake* 
RattlLrvg- 
WKaala 
Bodiaa 
Def**ttv%- 
5w fetch** 
Joint* 
WhetlH«dj 
WJiDUm 
B%IU 

St mjU Other! 
* Exluuib 
Shifting ** 

Car* 


Pnauauatic 
Drill*. A 
FUv*t*ri 
Exhiust* 

St* am A 
Q*aolme- 
Rotate - 
Shovels* 
Pile ~ 
Driver* 
Blasting 
Unloading 
Loading 
Shouting 
Ccnprcxacrd 


Loud 
Speaker* 

Piano*’ 
Phcnognphi 
Musical • • 
Ivuirumesibl 
Late 
Parties 
BerbngDogJ 


Mvrnc -- 
• Stores 
Peddler* 
Loiterer*! 
Oarage t 
•Tart * 
Stand* 


Whistle* 

BeUl 

Sirens 
Motor •" 
- Ejdvaust* 
Horn* 



Airplane* 

Factories 

Restaurant* 

Amusement 

- Hall* 


Ref.: “New York’s Noise,” Survey , Vol. LXV, No. 4, Nov. 15, 1930, p. 217. 


Descriptive formula: Si = I- : 3 - 

Legend: 

Si = The situation is 
a record of 
1° = city noise 
in 


Quantic number — 0;0;0;0 

|i = 8 classes by source 
and 

|j = 67 subclasses 
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S. 2 



Ref.: Marshall, Leon C., The Story of Human Progress, The 
Macmillan Company, 1925, p. 314. 


Descriptive formula: S 2 = I? i 

Legend: 

S-t = The situation 
= - is a record of 
I? — a particular qualitative indica- 
tor, the school, 


Quantic number = 0;0;0;0 

: = to which correspond 
\i = 6 other institutional indicators 


Comment on notation: 

As usual the legend puts the formula into words for the benefit of those un- 
familiar with the notation. The only essential information in the legend that 
is not in the formula is: 

/ = the school 
i = 6 other institutions 




Ch. Ill] 


INDICATORS, I 


169 


S. 3 

OBJECTIVES FOR AGRICULTURE 

To Obtain: 

A. Recognition of the interdependence of rural and urban interests 

B. A favorable economic environment 

C. Efficient management and production methods 

D. Effective group action through organization 

E. A satisfactory social environment and standard of living 

F. Adequate rural educational opportunities 

Ref.: A Statement of Objectives for Agriculture, Iowa State College of Agriculture and Mechanical 
Arts, May, 1933, p. 5. 

Descriptive formula: S 3 = I? : (/ n nn Quantic number = 0;0;0;0 

Legend: 

S3 = The situation : = each qualified 

= = is composed of by 

I°i = 6 qualitative objectives of | ,, ,, 0 = further attributes (adjec- 
agriculture * t j.ves) 

Comment on notation: 

Note that the qualifying adjectives and phrases are qualitative characteris- 
tics which are, therefore, attributes; and that multiplication of these qualitative 
indicators represents their meaning mathematically, as modifying, qualifying, 
or limiting the main attribute. 
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S. 4 



Ref.: Chapin, F. Stuart, Contemporary American Institutions, reprinted by permission of Harper 
and Brothers, 1935, p. 344. 


Descriptive formula: S 4 = Ii ;;i 

Legend: 

S 4 = The situation 
= = is a record of 
It = 4 types of institutions 


Quantic number = 0;0;0;0 

:: = cross-classified with 
]i = 4 pattern-parts 
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Comment: 

Compare S. 19, Ch. II, which is essentially the same data in undiagramed 
form. But they have been analyzed into different quantic formulae. S. 19, 
Ch. II writes the P explicitly, while here it is written as nul (Po), giving quantic 
numbers of 0;0;0;1 and 0;0;0;0 respectively. This is an example of the ambiguity 
still remaining in the Rules of Appendix, which permit unreliability of analysis 
such as this, and which produced the 1% to 3% of disagreement between inde- 
pendent analysts as reported in the experiment on the reliability of S-analyses 
in Chapter II. If the people, or plurel, implied in the terms “ family/ ’ “school,” 
“business,” and “government,” have been “canvassed or enumerated,” the P 
must be explicit, but it is also possible to interpret the graph as presenting purely 
cultural phenomena (“attitudes,” “symbols,” etc.) with a very remote implica- 
tion of the number of parties involved. Further research towards refining the 
Rules for S-analyses in order to reduce such unreliability as this is needed. 


S. 5 


TEXT 8 FORM A (“FACES”) 



First test row 
“Pleasure” 


TEST 4 FORM B (Revision, in paper and pencil form, of Test 8 above) 



Third test problem 


Ninth test problem Sixteenth test problem 


The task is a continuation of that in Plate X. In Form A, the four expres- 
sions which are most similar to the given two at the left are to be turned up; 
in Form B, the two expressions most similar to the central one are to be crossed 
out. 


Ref.; Dodd, Stuart C., A Statement Concerning Research on an Intelligence Scale for International Use , 
Plate XI, Princeton Univ. Store. 
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Descriptive formula: Ss = [‘1° — i] j :fc 

Legend: 

Si = The situation 
[=] = presents an equation between 
ip = 2 * cases of a qualitative 
characteristic 

and 

'I® = one case of it 

mixed with 

ip = 3 cases of other characteristics 


Quantic number = 0;0;0;0 
in each of 

|i = 4 f problems (i.e., on the ro- 
tating crosses) and all this is 
repeated 

in each of 
|i = 2 forms of the test 
each having 

| k = 1 and 3 items respectively 


Comment on notation: 

1. Qualitative equivalences have long been used by psychologists in tests of 
u similarities ” or u synonyms ” which are found to measure criteria of intelli- 
gence. The attribute hypothesis of S-theory provides a notation which brings 
these qualitative equivalences under the usual mathematical rules for equations 
of quantities. 

2. The situation is a complicated matrix equation of the fifth degree, as shown 
by the five multiple aggregative scripts, 1 J '[, [i, |j, | k . 

The lowest degree is the aggregation of the 4 pictures (on a rotating cross in 
Form A, or on one side of a “box” in Form B) constituting possible answers ' t3 |; 
the second degree includes these and the central picture (in Form B or 2 left- 
most pictures in Form A) which set the problem *|; the third degree aggregates 
four such problems in Form A and two such problems in Form B (in the two 
sides of the “box” of 9 pictures) \r, the fourth degree aggregates three such test 
items in the 3 “boxes” of Form B, | k ; and the fifth degree aggregates the 2 forms, 
A and B, |*. 

3. Since in S-theory qualities are geometrically represented by directions, the 
problem in this test of marking the pictures that are qualitatively most alike 
would be geometrically represented as marking the pictures whose unit vectors 
made the smallest angle with the unit vectors representing the pictures which 
set the problem. (Each picture is an attribute and every attribute is represent- 
able by a unit vector. The unit is the presence-to-absence of the attribute.) * 

4. The entire situation has 45 pictures, or 45 attributes, and therefore, 45 
unit- vectors and 45 vectorial dimensions. The situation is operationally so de- 
fined (by assigning one point of score to each right answer, or picture, correctly 
indicated) as to summarise these 45 dimensions in the one resultant dimension 
defined by the score of this “similarities” test. This score then, is fulfilling the 
parsimony function of science in reducing phenomena of many dimensions to 
expression in fewer dimensions. S-theory merely measures the ratio of such 
reduction as being 45 to 1 in this situation. 

* 1 in Form B (Test 4) 

1 2 in Form B (Test 4) 
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S. 6 

MAJOR CATEGORIES OF PHENOMENA IN GENERAL 


03 S 


The known uni- which, under the undergoes in course of which 

verse manifests it- promptings of CHANGE, emerge various 

self as various some effective PROD UCTS 

forms of CAUSATION , 

SUBSTANCE, 

j l i i 

Physical Matter Physical Causation Physical Change Physical Products 


Electrons 

Atoms 

Molecules 

Masses 

These appear 

1. Singly, as units 
of their particular 
realm 



2. Plurally, as 
structural combi- 
nations of single 
units. 


Sodetary 

Composition 


This involves 

3. Physical En- 
ergy , which acti- 
vates substance, 
but which is sub- 
jected to 

4. Physical Con- 
trol, by means of 
numerous factors 
which determine 
the direction and 
form of physical 
movement. 


This involves 

5. Physical Ac- 
tion , ( process ) or 
movement of 
substance, which 
is revealed in 
some alteration of 

6. Physical Rela- 
tionship. 


7. These take the 
form of reorgan- 
ized substances 
and new states of 
activity, which be- 
come determining 
factors in new cy- 
cles of change. 


Sodetary 

Causation 


This appears This involves 

3. Sodetary En- 

1. Singly, as Sin- ergy, or human 

gle Human Be- motivations, 
ings whose forms of 

expression are 
or subjected to 

2. Plurally, as 4. Sodetary Con- 
Human Plurels trol , or influences 
composed of com- emanating from 
binations of single any portion of hu- 
human beings. man society 

which determine 
the direction and 
form of human 
behavior. 


Ref.: Eubank, Earle E., The Concepts of Sociology, D. C. Heath and Company, 1931, p. 77. 



Sodetary 

Change 

This involves 

5. Sodetary Ac- 
tion or processes 
of movement of 
human beings, 
which is revealed 
in some altera- 
tion of 

6. Sodetary Rela- 
tionship. 


Sodetary 

Products 

7. These take the 
form of reorgan- 
ized and modified 
groups, together 
with their evolved 
culture, which be- 
come conditioning 
factors in new cy- 
cles of change. 


human beings. 
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Descriptive formula: S 7 = %I\ 

Legend: 

S 7 = The situation 

is composed of 
I = an indicant, dollars, 


Quantic number = 0 ; 1 ; 0;0 
for 

|i = 6 classes of colonizing activities 
%\ — expressed in percentages 


Comment on notation: 

This S-situation is a borderline one between a quantic number of 0;1;0;0 and 
0;1;0;1. Is the reference to the population of Palestine sufficiently explicit to 
require writing the plurel in the formula (i.e., P, : %L) and making its quantic 
formula, I + 1 P 41 , denote a distribution? It was here ruled that, since no census 
or canvass of the Palestinian population is shown by the situation as presented, 
the population index is nul (P 0 ), and therefore, the P is not written. 


S. 8 


FARM MODERNIZATION 


ELECTRICITY 


WATER PIPED INTO HOUSE 


HAVE 

<5 


HAVE NOT 






IACH SYMBOL REPRESENTS TEN PER CENT OP ALL PARMS EQUIPPED WITH ELECTRICITY, WATER, RADIOS* TELEPHONES, CARS 


Ref.: Smith, Russel, J-, “ The Sound Use of Land and Water,” The Mississippi Valley Committee Re- 
port, Survey Graphic, Vol. XXIV, No. 2, Feb. 1935, p. 65. 


Descriptive formula: Ss = %Ii.-j 

Legend: 

Ss = The situation 

records 

I = indicants of farm equipment 
|i = 5 in number 


Quantic number = 0 ; 1 ; 0;0 

|j = in 2 class- f “Have” 
intervals \ “Have not” 

%\ = each expressed as a percentage 
of their sum 
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S. 9 


*10. wo 


Two hypothetical salaries of 
and i 10,000 compared 


9.000 


Hypothetical differ- 
ences between atti- 
tudes as they may 
appear when meas- 
ured 


The zero base line 
omitted 


The Common Stock 
of predispositions 
and presupposi- 
tions overlooked. 


A fallacy in the graphic comparison of magnitudes, with a suggested analogy in 

the comparison of attitude differences. 


Ref.' Bice, Stuart A., Quantitative Methods in Politics , F. S. Crofts & Co., 1928, p. 120. 


Descriptive formula: Sg = ll 

Legend: 

S* = The situation 

records 

» 

Ii = 2 indicants of stipend and atti- 
tude 


Quantic number = 0 ; 1 ; 0;0 

compared in 
i| = 2 class-intervals 
when 

-| = the origin is indefinite 


Comment on notation: 

1. The digit 0 in the point script regularly denotes the origin or zero point 
of the scale of the component to which it is attached. 

2. A borderline ruling is involved in the word “salary/’ which connotes an 
amount per period and hence would have a quantic number of 9;1;0;0, putting 
this situation in the chapter on Change. But here the reference to the time 
component seems very remote. A salary status, an amount of money, is the more 

direct and simple implication of the comparison, and hence the formula is 
written with indicants only. 


l 
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S. 10 

PROBABILITY OF THE RECURRENCE OF A DIFFERENCE SIMILAR 
TO THE OBSERVED ONE BETWEEN SUCCESSIVE QUINTILES AND 
EXTREME QUINTILES OF THE ENTIRE POPULATION IN ANOTHER 
SAMPLING OF HOMES 


( Expressed by the critical ratio — 2_. J 
V cr din. / 


Environmental Item 



Quin - Quin- Quin- 
tiles tiles tiles 
3 and J+ 4 and 5 1 and 5 




THE CHARACTERISTICS SECTOR, III [Pt. II 

s. 10 ( Continued ) 


Environmental Item 

Quin- 

tiles 

1 and 2 

Quin- 

tiles 

2 and 3 

Quin- 

tiles 

3 and 1+ 

Quin- 

tiles 

J+ and 5 

Quin- 

tiles 

1 and 5 

Father's Membership in: 

* a TTV r * ^ ^ rvv. copiphv . 

0.92 

3.49 

| 3.43 

4.72 

1 13.07 

4U, 

4 1 

xroie^ioutw U1 

2.35 

2.02 

1.93 

3.99 

10.92 

41. 

j o 

V^lVlC 

4.06 

1.87 

1.32 1 

1.06 

0.13 

43. 

4 i 

i. FJLGG uXiiULL - ’ 

2.88 

1.86 

3.70 

2.13 

12.19 

Jr SirCIl litre aaautiauuu - * * * • 

0.48 

0.43 

3.23 

2.68 

6.41 

44 . 

45. 

Aft 

QLUQj CIUU * - * * * * * ' 

chtn'j al r\rorarn7A tioTl - * 

2.56 

0.99 

2.83 

1.87 

9.06 

JC l3iLGm2it Alt » 

3.87 

2.58 

2.51 

4.19 

16.40 

40 . 

47. 

oOvidii v*mu 

I diversity extension course 

0.92 

2.97 

0.53 

2.86 

5.40 


Ref ; Leahy, Alice M., The Measurement of Urban Home Environment , Univ. of Minnesota Press, 
1936, p. 32. 


Descriptive formula: Sio = cr(p'-p^l)i:j 

Legend: 

Sio = The situation 

records for each of 
[i = 47 environmental items 
(I) = indices of probability 
for each of 

|j = 5 classes (pairs of quintiles) 
the index being 


Quantic number = 0 ; 1 ;0 :0 

p/ _ p// | = the difference between 2 
quintiles 

in 

M I = their mean scores 

e \ = expressed in units of sigma 
of the difference 


S. 11 

DATA ON STATEMENTS ACCEPTED 


Statement 

Mean Rated 
Position 
(Eleven- 
point scale ) 

Standard 

Deviation 

Score 

Assigned 

A. If I wanted to marry, I would marry one 
of them 

.25 

.44 

0 

B. I would be willing to have as a guest for 
a meal 

2.6 

1.46 

25 

C. I prefer to have merely as an acquaint- 
ance to whom one talks on meeting in the 
street 

4.9 

1.26 

50 

D. I do not enjoy the companionship of these 
people . . 

7.4 

1.00 

75 

E. I wish someone would kill all these indi- 
viduals 

9.6 

.47 

100 

F. I know nothing about this group; I can- 
not express an attitude 

* 

* 

* 


* Omitted from all calculations. 

Ref.: Dodd, Stuart “A Social Distance Test in the Near East,” Amer. Jour. Soc., Vol. XLI, 
No. 2, Sept., 1935, p. 195. 
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Descriptive formula: Su = ij,k,i'I 

Legend: 

Su = The situation 

records 

I = an attitude indicant 
. , J = in 3 sets of units with 5 class- 

ij * I 

intervals each 


Quantic number = 0;1;0;0 
and 

!'| = a special class of attitude “I 
know nothing — ” 


Comment: 

This situation records the five statements of attitude which were calibrated 
in constructing a social distance test. The “mean rated position" determines 
the intervals between statements converting the statements from ordinal into 
cardinal units. 
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IV. SANITATION ACTIVITIES 
a. general SANITATION (Total Points 100) 


45. Routine Inspection Service 


Value 

of Item 

Number of sanitary inspections and re- 10 

inspections 

Standard : 3000 inspections per 100,000 
population 

Inspections — At least 3000 ... 10 points 

2500.. . 8 

2000 .. . 6 
1500 ... 4 
1000 .. . 2 

Less than 1000 ... 0 

Inspections -r No. of hundred- 

thousands of population = 

inspections per 100,000 popu- 
lation 

46. Water (35) 

a. Local water meeting U.S. Treasury 

Department Standards for drink- 
ing water on common carriers and 
generally available (U.S. Treas- 
ury Department Standards 
adopted June 20, 1925) 30 

Standard: 100 percent distribution 

Percent— At least 100 30 points 

70 0 

Note ' The score on water supply is based 
on quality. Water which meets the U.S. 
Treasury Department Standards of purity 
for water on common carriers in Interstate 
Commerce, or which is certified as being 
equivalent to U.S. Treasury Department 
shall be given full credit. Example of scoring: 

City water meeting U.S. Treasury Depart- 
ment Standards and 100 percent distri- 
bution — score 30 points 
For each point under 100 percent deduct 
1 point from score. A city with 80 percent 
distribution: 

100 - 80 = 20 

30 - 20 = 10 points— score allotted 

b. All cross-connections between city 

supply and other water supplies 
eliminated and all dual supplies 
inspected semi-annually 5 

(No credit allowed unless inspected 
at least semi-annually) 


HD 


Value Assigned 


OOA 


PP 


VA 


Total 


******** /0r *■* American Public Health Association, 1934, pp. 4 and 41. 
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Descriptive formula: S 12 = i,kli:j : k 

Legend: 

S 12 = The situation 

records 

Ii = 2 types of sanitation activities 
(“45” and “46”) 

and 

|i = 3 subtypes 

in each of 

| k *= 4 agency categories (“HD * • • 

Comment: 

This situation is a fragment of a scale which represents one of the most scien- 
tific and highly elaborated attempts yet made to reduce a culture complex 
(“public health activities”) to quantitative summarization. 

The specifications of this appraisal form are “operational definitions” of the 
I-units, as they direct the operator how to compute it from observed data. 


Quantic number = 0;1;0;0 

VA”) expressed in 2 kinds of 
units 

i| = performance percentages and 
k | = score-values 

and 

= maximum or standard points 
are also noted 
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S. 13 


Armament or Improved Farming? 



FARM TRACTOR 


A tractor and an automobile for every one of the 
6^00,000 forms in the United States could be 
bought with the money the great war cost the 
United Skates for a half year, and there would 
be left 

600 million dollars for good roads. 

^ z. 

Ref.: Facia on Disarmament Exhibit , Disarmament Education Committee, Washington, D.C., Card 
No. 9. 


Descriptive formula: Sn = ulsv-w' 

Legend: 

Bn = The situation 

records 


I = 


b = 


the unstated total of money 

needed to buy 

tractors 
autos 

[ good roads 


3 kinds of 
yalues 


Quantic number = 0 ; 1 ;0 ;0 
in 

J = units of 1 per farm 
= = equated to 

I W ' = the cost of half a year of the 
great war 
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Comment: 

In addition to the equality between dollars, there are implied units of ethical 
evaluation in terms of which the equation might become an inequality of “ greater 

than” or “less than,” depending on the militaristic or pacifists standards of 
the evaluator. 

« 

Comment on notation: 

A borderline decision is involved, as other analysts might write the cost of 
the war for half a year as velocity, IT -1 , yielding a quantic number of 9;1;0;0 
and shifting this situation to the chapter on Change. As the reference to the 
time rate of expenditure seems unimportant in this situation where the point 
is a timeless comparison of values, the time index was not written explicitly. 

S. 14 

The precise form of distribution of the e's, however, does not need to be 
specified. The features of the e hypothesis are: 

(1) Independent elements . The observed normally distributed variables , x, y, 
z ) etc ., can be expressed as functions * of n small independent elements , thus: 

| x = Xtfi + X 2 e 2 + • • ■ + X n e n (6), 

V = Ytfi + 72^2 + • * • + Y n e n , etc. 

(2) One-or-none weights . The coefficients , X, Y, Z, etc ., are either unity or 
zero. 

(3) Unequal probabilities. The m tests, x, y, z, etc., are determined by differ- 
ent proportions, p x , p y , p z , etc., of the n elements; i.e., every coefficient such as 
Xj has a probability of p x of being 1 and a probability of 1 — p x of being zero. 

The first assumption is the conventional one of statistical analysis. The 
second is chiefly for simplicity. It seems likely that fractional, or unequal, 
weights could be assumed just as well though the mathematical treatment 
would be much more difficult. All the unit weights are assumed positive as 
negatively weighted elements are not needed for our present hypothesis. 
The inequality of the proportions, p, has been found necessary to explain hier- 
archy, or steep equiproportion, as explained in Section VI (2). 

1 Sampling 7 may refer to dealing with finite numbers of either the n e's, 
the m tests, or the N individuals. Ordinarily 'sampling' refers to the JV in- 
dividuals and such sampling error is measured by the probable error for- 
mulae. . The essence of Thomson's Sampling Theory of Ability, however, 

deals with considering each test as depending upon a sample, or proportion 
of the n e's. ' 

♦This function is taken as an additive one on the basis of Taylor’s theorem. The coefficients, X, 

Jr, z, etc., are the first order differentials and higher orders are neglected. Gauss used this assump- 
tion m deriving the normal distribution curve, Bravais used it in deriving the normal correlation 
surtace, and it is the basis of probable error formulae. So the assumption may be considered a 
well-tried and accepted one in many sorts of biometric problems. Criticism is invited as to the 
conditions which may exist bearing upon its applicability here. 

It should be noted that, if the coefficients are expressed in units such as dividing each by the sum 
or tneu squares (which with one-or-none coefficients is simply n) they become correlation coefficients 
o mat e with its dependent variable, x. They also are then the nth order regression coefficients of 

x on me e s, for the regression and correlation coefficients are identical when the variables, such as 
the e s, are uncorrelated. 


?° dd :^ Vt C "’ tlle Sampling Theory of Intelligence, ” British Jour . of Psychol, Vol. XIX, 
xaix o, Jan., 1929, p. 309, 
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j 

Descriptive formula: Sn = [I = SJK] 

Legend: 

Su = The situation 
records 

[ = ] ss an equation between 
each of 

Ii = 2 variables (x,y) 
and 


Quantic number = 0;1;0;0 

2J = the sum of indices, j in 
1 number (n) 

each a product of 

J = a weight or coefficient (X) 

and 

K = an elementary variable (e) 


S. 15 



Descriptive formula: Sis = m 'I i: i:k 

Legend: 

Sis = The situation 

is compos©! of 

Ii = 3 subcomponents (A, B, C) 
representing 
|i = 4 clusters 


Quantic number — 0;1;0;0 

It = 15 vectors of indicants 

and 

m *| = the mean of the ray of vectors 
Le., the centroid, is also in- 
dicated 
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Comment: 

The uncaptioned situation is a diagram of the surface of a unit-sphere showing 
the termini of unit-vectors roughly grouped into 4 clusters. The situation is a 
sociological one only when, as here, the vectors represent indices of human 
characteristics. 


VII. NOTES 

1. For reference purposes, the equations are numbered consecutively within 
each chapter with the abbreviation “Eq.” Most of the equations are simply 
definitional, defining a concept, or quantity, or function of them, in symbols. 

2. It is possible to use three, five, or other sets of sectors, provided they are 
so defined as to include the entire societal field without overlap. Thus, for many 
studies, space can be neglected. On the other hand, in economic studies, for 
example, monetary indices are so basic as to justify denoting them by a separate 
symbol and using five sectors. Such a monetary index is still a subclass of char- 
acteristic, as here defined, however, and is simply labeled more explicitly for 
convenience without affecting the logic of our analysis into four basic types of 
indices. 

Indices of time and space have always been recognized as basic in the history 
of philosophy and science. Special sciences have selected other additional indices 
as basic and have thereby marked off their field, as Physics did in adding mass 
to space and time. Economics analyzes production into the factors of land, 
labor, capital (and sometimes management), all operating in time, of course. 
These factors in S-terms are those of time, space, population and the two char- 
acteristics of capital and management which are peculiar to that field. 

Statistical textbooks trace statistical series to variations ill time, space, qual- 
ity, and quantity. Our attribute hypothesis combines quality and quantity as 
subvarieties of characteristics. The population sector is added to delimit the 
sociological field, for the only major index, common to all the social sciences and 
shared by none of the subhuman fields, is the human population. The concepts 
of S-theory may readily be extended to all biology and other non-human fields, 
if desired, by defining suitable “characteristics ” to be specially symbolized. 
But the field of this volume is human society. 

3 . An alternative sequence of topics may be preferred by some teachers. 
Such a one is to start, as some sociologists do, with the topic of population in its 
spatial, temporal, and qualitative distribution. (This is the P+ 1 array in the 
L 2 , T 1,2 , and 1° cells of the quantic solid S. 33, Ch. II.) This leads on logically 
to quantitative characteristics of populations in Distributions, and then to their 
Correlations and Interrelations. Either the temporal or the space dimension 
could then be followed, cumulating first one and then the other, until the com- 
plete quantic formula for analyzing any and all situations has been developed. 
Still another and more mathematical sequence would be: 

1. Zero order (nullary) indices, 1°, T°, L°, P°, especially qualitative indicators 
1°; then 

2. First order (primary) indices, I 1 , P 1 , T 1 , L 1 , quantitative indicators, plurels, 
and change, singly and in combinations; and then the more profound analysis of 
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3. Second order (secondary) indices, I 2 , correlations of characteristics, P 2 , inter- 
relations of people, and T -2 accelerations of change. 

This sequence follows a diagonal route through the quantic solid, starting 
from the simplest situations in the bottom front leftmost corner and ending 
with the most complex in the top hind rightmost corner in S. 33, Ch. II. 

4 . The symbol for the indicatory exponent is \\ Since, however, the letter e 
is widely standardized in mathematical usage to denote an exponent, it may be 
used interchangeably with any post-superscript (i.e., exponent) of S-theory. 

6. The exact rules for adding, subtracting, multiplying, and dividing nullary 
indicators, P, are still being worked out by a process of induction from the re- 
corded societal situations which have been reduced to S-formulae. As such sit- 
uations cumulate, alternative rules as hypotheses are being tried out to see which 
fit the data best, and should therefore, become standard operational procedure 
in combining nullary indicators. This research is as yet only begun. 

One tentative set of rules is as follows: 

1. To add two attributes, l“ s I?„, find the attribute of which the two are sub- 
classes, e.g., dogs -f- horses — animals ; red -|- green — colors j running -j- walk- 
ing = locomotion; truth + beauty + goodness = values. To find the sum, go 

upwards in a hierarchical classification until a class is reached which subsumes 
the classes to be added. 



Thus: 


TO tO 

Ij'+/ # +i w = Ii' 

T° tO 

•U' + k" = Ij/ 

•• IlS + lt''+j"+i'" = Ii' 


(Eq. 4a, Ch. Ill) 
(Eq. 4b, Ch. Ill) 
(Eq. 4c, Ch. Ill) 


wm \ a n e be ! D ST** 1 fOT 0Dly those few sums of attributes (out of the 
possible billions) which are frequently used. Thus, we rarely need a name for 

TfaS^ 2Z u ?h d ^ Cl3SS 35 ^ d6fbed by “ a hammer + intelligence 

LSS ^ t£g S3* the class of these three conc <* te ™ ld 

sum te f T aDOther is t0 deduct first from their 

than’-tmth Ttfe ^ “ ?° n ^° g animals; values ~ truth = values-other- 
Ser sub^iais then^b P ° r hT ***** the SUm of the subolasse s without 

-£ ssrt ‘*z the °! h T’ 

ity = female humanity Subtraction imnW ^ " humanit > r ~ male hum an- 
a negative attribute ££ Rulesfor “g 

symbols, assuming Eq. 4 a; devBed m some consistent way. In 




+ i'" 


(Eq. 5, Ch. Ill) 
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3. To multiply two attributes is to find the attribute defined by both the 
factor attributes simultaneously: 

I' X I?, = I? + „ or I,„ (Eq. 6, Ch. Ill) 

pocket X timepiece = watch 

dead X creature = corpse 

woman X mate = wife 

swift X motion = swift motion 


Adjectives modifying nouns or other adjectives, and adverbs modifying verbs, 
are common examples of these qualitative products. Another suggestive side- 
light (discussed further in Ch. YI) is that in compounding the probability of 
independent qualitative characteristics, the probability of either of two charac- 
teristics is the sum of their separate probabilities, p + q, while the probability 
of both characteristics occurring jointly is their product, pq. If negroes are 20% 
of a population and women are 50% of that whole population, the probability 
of meeting either a man or a woman is 50% + 50% = 100%, while the prob- 
ability of meeting a negress is 20% X 50% = 10%. 

4. To divide one attribute into another seems to specify “that-which-relates n 
those two attributes. Thus in the pictorial analogies test, S. 14, Ch. II, there 
is an equation between two ratios of qualities (i.e., attributes) which are ver- 
bahzable as: 


head of a man head of a dog 


= the head-body 


a whole man a whole dog 
relation, a special case of the part-whole relation, 

(Eq. 7, Ch. Ill) 

Every primary index in the 300 graphs (S-situations) in this volume is a prod- 
uct of an attribute and a “ pure’ ' duration, amount, length, or population, of 
some kind. Every primary index as formally defined by Eq. 9, Ch. Ill, Eq. 4, 
Ch. IY, Eq. 5, Ch. VIII, and Eq. 8, Ch. IX, is a product of a quality and a 
quantity. Every hierarchical descript in any of the 300 situations (i.e., of the 
form |i : j : kj | P: q:r, |i:m, t : u , etc.) seems to imply addition or subtraction of quali- 
ties as one moves to the left or to the right respectively in the series of de- 
scripts. A “type” may prove analyzable as a qualitative average. 

The few instances of division by attributes, 1°, will be commented on as they 
occur in the S-situations. (Until we discover more instances we cannot suggest, 
with any assurance, a generalization on qualitative division.) 

A problem for further research is to relate and integrate, if possible, these 
symbols and rules with those of the symbolic logicians. As one hypothesis, test 
the apparent correspondence of the symbols which are the basis of Whitehead 
and Russell's Prindpia Mathematica (Ref. 81, Vol. 1, p. 6). (The scripts i + j 
below, are simplest when in the singular, i' + j'.) 

1. The contradictory function, ^ may be relatable subtracting attributes, 
(v^-i means not — i) to the S-theory I?^i?= —I ? 

operation of (Eq. 8a, Ch. Ill) 
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3. The logical product, or conjunc- 
tive function, * 

(i * j means i and j) 

4. The implicative function, d 
( i d ] means i implies j) 


5. Equivalence, = 

(i m j means (i j) = (j i) 


2. The logical sum, or disjunctive may be relatable adding attributes, 
function, v to the S-theory I? + Ij or (I?+j) 

(i v j means i or j) operation of i v j? = I? +i 

(Eq. 8b, Ch. Ill) 
“ multiplying attributes, 

IX or (I?j) 

i.j? = jo. 

(Eq. 8c, Ch. Ill) 

“ aggregating attributes 

I?:I?or (l! ;j ) 

i => j? = I? :1 

(Eq. 8d, Ch. Ill) 
" cross-classifying 

Ii.*:Ij or (I° ::j ) 

(i-j)T-I?::, 

(Eq. 8e, Ch. Ill) 

If our symbols should prove to correspond exactly to Whitehead and Russell's, 
so that the hypotheses stated in Eq. 8, Ch. Ill, are proven, then the sociological 
formulae of this volume might be transposed into their notation. If imperfect 
correspondence is revealed (after applying both sets of symbols to a large com- 
mon sample of referents) it may prove desirable in the interests of the unity of 
science to modify the definitions of some symbols in either set in order to obtain 
a single set of symbols which can deal both with the logical propositions in the 

Principia Mathematica and also with the societal statistics in the Dimensions of 
Society. 

6. An “implicit” index is to be distinguished from an “indefinite” index and 
from a 4 mil” index. An implicit index is a nullary one with non-zero descripts, 
and is not written explicitly in the full formula, S, but diphthonged as a product 
with another index. A nul index is one with a zero exponent and zero descripts. 
It, therefore, affects the situation in no way, not even qualitatively, as does the 
implicit index. The nul index is not written in the “full” or “descriptal” for- 
mula, S, it is written as zero in the quantic number. 

The indefinite” index, symbolized by underlining, denotes one that is as- 
to exist, but its amount is not stated in the case of a primary index I +1 

a > J i- In the case of a nullary index, 1°, and of a singular script 

I/, the underlining means that the identity is not stated. 

Exponent Descripts In S-formula 


Explicit index 
Indefinite index 
Implicit index 
Nul index 


e 

e 

0 

0 


+ 

+ 

+ 

0 


wheree denotes any positive, negative, or zero exponent. 
1. The symbolic formula for an index is: 


(I) 

0) 

not written 
not written 


(I) — 2r(T) e = an index 

l 


(Eq. 10, Ch. Ill) 
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When e = 0, (I) becomes a sum of z indicators 

When z = 1, (I) becomes simply a product of the indicator and another homo- 

sectoral index, i.e., T, I, L, or P 

When i = 0, the indicator becomes an attribute, qualitatively modifying the 

homosectoral index, (F) . 

8. The index number is symbolized in full as I +1 I~ 1 , or more compactly as % I, 
where the class-interval script, %, denotes that the indicant is expressed in 
percentage or relative units: 

I/I = %I = an “ index number 7 7 (Eq. 11, Ch. Ill) 

In the quantic formula which ignores the descripts, this is condensed to I +1 , 
as the divisor, I, is of the same qualitative kind of unit and merely shifts the 
size of the units. 

9 . If indicants of different classes are to be identified the convention is to use 
successive letters of the alphabet — thus, L', Ij', It', etc. 

10. Some convenient refinements of notation may be noted by the advanced 
student of S-theory: 



Indicators 

{indicatory indices ) 

Sectors 

{homosectoral indices') 

Situations 

{heterosectoral indices) 

1., 

|i = the aggregation of 
indicators, i in 
number 

|s = the aggregation, or 
pattern, of class 
scripts in any one 
sector, i.e., | i : j:k or 

|p:q Or |i;m:n 

| 8 = the aggregation, or 
pattern, of class 
scripts in all sec- 
tors, i.e., (It; | i:i:kj 

|p:q,‘ |l:m:n) = |s 

2. 

|si — the number of in- 
dicators, the num- 
ber of indicator 
vectors or dimen- 
sions 

|se = the number of 
classes in one sec- 
tor, the number of 
vectorial dimen- 
sions, the order of 
the matrix, i.e., 
Si 4“ 2j -f- 2k = 
2s 

ba = the number of 
classes in all sec- 
tors, i.e., 2t + 
2i 4- 2j + 2k + 
2p -f- 2q -f* ^1 4~ 
2m -J- 2n = 2s 
the total number 
of vectorial di- 
mensions, the to- 
tal order of the 
matrix 

3. 


|ss = the number of class 
scripts in one sec- 
tor, .*. the number 
of levels in a classi- 
fication. Thus, in 
|i:j:k bs = 3 
jp:q |ss = 2, etc. 

bs = the number of 
class scripts in all 
sectors ( = 9 in 
the illustration 
just above, the 
degree of the ma- 
trix) 

4. 

\v = the ith particular or 
identified indicator 

|s' = a particular class 
script in a particu- 
lar sector, such as 
|j or | Q from the 
above 

|s' = a particular class 
' script for an in- 
dex from any 
combination of 
sectors 
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11. In analyzing a situation as to its class script a refined notational point 
should be observed. Situations may have two kinds of classifications— those in 
common units and those in diverse units, (a) Thus, a situation may have several 
indicators, denoting as many kinds of things, and all expressed in one kind of 
unit. An example is S. 7, Ch. Ill, where the dollar units are used for six purposes 
in colonizing Palestine, (b) A situation may be composed of a variety of in- 
dicators which are not expressed in a common unit. An example is S. 31, Ch. II, 
where the situation of the Russian 5-Year Plan has two major indicatory in- 
dicants — freight and capital — which are expressed in tons and ruble units re- 
spectively. 

The notation differentiating these kinds of classifications is : 

ji = the list of different indicators, |i in number; a measure of “dissimilarity” 
when summed as in js, (Eq. 14a, Ch. Ill) 

Ii = different indicants, j, in number, expressed in the common units, I. 

(Eq. 14b, Ch. Ill) 

: J t = different indicants each with its corresponding units, i.e., sets of class- 
intervals (Eq. 14c, Ch. Ill) 

The quantic formula, I +1 , is the same for both, as it is the highest exponent 
in each of the two types. 

12. A suggested research project would be to determine experimentally the 
reliability of this (or any other) classification (as was done for the quantic classi- 
fication). By collecting mechanically samples of situations, having them classi- 
fied independently by more than one person, and then determining the percentage 
of discrepancies, the ambiguous spots in a classification can be scientifically de- 
termined and progressively eliminated by refining the categories or their def- 
initions. 

13 - Topographical indicators (points, distances, altitudes, areas, slopes, vol- 
umes) are the length component, L, with varying exponent, (L 1 ). 

14 . When time as a duration or a velocity is explicitly included, the indicator 
becomes an index. But amounts of change can be measured without stating 
dates or time intervals. 

15 . Phrases such as this, “relatively untrained/’ are examples of the unsatis- 
factoriness of this classification. What is the boundary between “relatively un- 
trained” and the implied category “relatively trained”? All motor co-ordina- 
tions have been practiced, however incidentally, since birth, and therefore, are 
trained to that extent. To determine what amount of incidental training is below 
the average amount is impractical. An alternative is to measure individuals 
who have reached their final plateaus of learning with maximal practice as an 
indicator of native ability. This, however, is influenced by individual differ- 
ences in motivation and other factors. 

The purpose of the list presented here is, however, not so much to offer a 
classification satisfactory to the psychologist as to suggest to the student of 
Sociology the range of data from all the sciences which may have societal sig- 
nificance. 

16. The number of persons or of plurels is the population dimension, P. The 
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qualitative and quantitative characteristics identifying or describing persons 
or plurels are the only indicators. The distinction is fully expounded in Chap- 
ter IV on Plurels. 

17. This value class of indicators is the most important for Sociology. The 
evaluations of the group, conscious and unconscious, constitute the motivation 
of all societal action and the cause of most societal forces and of all societal 
control. So important is the concept of “value” that it will recur frequently 
throughout this volume in the form of the word “desideratum,” which is more 
definite and has fewer ambiguous connotations. The determination of what in- 
dicators are indicators of desiderata to specified people at specified times is dealt 
with in Chapters V and X. 

18 . The topics starred are Small's “six interests.” 

19 . For alternative classifications see Ref. 25, especially Chapters X and XV. 

A suggestive alternative which, while less detailed for an industrialized cul- 
ture, is common to all cultures, is given by a cultural anthropologist (Ref. 81, 
p. 74) as follows : 


1. Speech 

Languages, writing systems, etc. 

2. Material Traits 

a. Food habits 

b. Shelter 

c. Transportation and travel 

d. Dress 

e. Utensils, tools, etc. 

f. Weapons 

g. Occupations and industries 

3. Art — carving, painting, drawing, 
music, etc. 

4. Mythology and Scientific Knowl- 
edge 

5. Religious Practices 

a. Ritualistic forms 

20 . 


b. Treatment of the sick 

c. Treatment of the dead 

6. Family and Social Systems 

a. The forms of marriage 

b. Methods of reckoning relation- 
ship 

c. Inheritance 

d. Social control 

e. Sports and games 

7. Property 

a. Real and personal 

b. Standards of value and exchange 

c. Trade 

8. Government 

a. Political forms 

b. Judicial and legal procedures 

(Eq. 15a, Ch. Ill) 
(Eq. 15b, Ch. Ill) 
(Eq. 15c, Ch. Ill) 
(Eq. 15d, Ch. Ill) 


T 0 ;I°;L°;P 0 = quantic formula for attributes 
0;0;0;0 = quantic number for attributes 
T° jl 1 ;L° ;P° = quantic formula for indicants 
0;1;0;0 = quantic number for indicants 


21 . As to the best number of class-intervals to use, one formula (which tends 
towards making the frequencies proportional to the binomial coefficients and 
hence nearest to a normal curve) is (Ref. 71), 


or, very roughly: 


si| = 1 + 3.3219 logic P 
15 if P > 100 


This gives the size of the class-interval as the 

J = a, - 2 T/ Si | the range divided by the number of intervals (and adjusted to 

some approximate convenient. integral amount, of course). 
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22 . Successive letters of the alphabet are used to denote successive orders of 
class-intervals and subclass-intervals in a hierarchy, i : j : J. It is convenient to 
identify any order of class-intervals by the letter of its order and to use primes 
to distinguish a particular class within that order. Thus, in i ; j : *1, j»I, j#/I, 
jvl, etc,, identify four particular classes of the j| order of subclasses. See S. 5, Ch. 
II, and S. 1, Ch. III. A skipped or empty class may be termed a “nul” class 
and is denoted by a script of zero, 0 I. 

The class-interval script denotes quantitatively equal intervals, or the I-units 
in which that indicant is measured. Qualitative classes and subclasses are 
expressed by a hierarchy of class scripts. Accordingly, the use of the class- 
interval script on the attribute is avoided. 

23. These two values of the variable are denoted by exponents of zero for 
presence (I 0 = 1) and minus infinity for absence (I"® — 0). Since it is a two- 
point variable it can be more compactly symbolized by a point script of 2, thus 2 I. 

24. The unit value 1° times its frequency ( p |) plus the zero value (I -00 ) times 
its frequency is the numerator which, divided by the total frequency, is a pro- 
portion. This proportion, multiplied by 100 to shift to “per centum” units, 
is the percentage. 

(SF + SI--J/P = (SI + 20) /P = p/P, 
ii ii 

lOOp/P = % P (Eq. 17, Ch. Ill) 

26. A rank series is symbolized by: 

1st, 2nd, 3rd, * • • , Nth = T, "I, "T, • - • , N I (Eq. 18a, Ch. Ill) 
« T + 'd = "I, "I + "d = "'I, etc. (Eq. 18b, Ch. Ill) 

where d is an unknown variable, a first order difference. 

Ordinal numbers may be averaged and combined in various ways if their in- 
herent approximativeness to cardinal numbers is kept in min d. An average of 
ordinals is more accurate than any one ordinal alone, since in averaging, the in- 
crement between successive ranks becomes the average d in the equation above, 
and this best represents all the variable values of d. As d approaches a constant 
increment, the ordinal approaches a cardinal. Alternatively stated, the problem 
of refining ordinal to cardinal measurements is the problem of reducing the 

sum of the differences between the d’s, or the second-order differences (d ;/ ) of 
the Vs, to zero. 

N-2 

f d " = 0 (Eq. 18c, Ch. Ill) 

26. For an excellent elementary exposition of matrix algebra (designed for 

me in Psychology) the sociologist cannot do better than master the introductory 
chapter of The Vectors of Mind (Ref. 77). 

27. Matrices may be of different “degrees.” Ordinarily, with rows and columns 
as shown by 2 multiple descripts, it is a second-degree matrix. A single array 
(row or column) symbolised by one multiple descript is a first-degree matrix 
Cabo called an “array vector”). The single cell, symbolised by the singular de- 
empt, may be called a aerxHlegree matrix. This last is the lower limit of matrices 
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and is identical with a single index, or indicator. The matrix, from this point 
of view, is the more inclusive term. 

If each cell of a second-degree matrix is subdivided into a sagittal array, it 
becomes a third-degree matrix. Successive subdivisions of cells can extend it 
to an mth degree matrix. The degree of the matrix in an S-formula is the number 
of multiple aggregative descripts. Thus S. 10, Ch. Ill is a second-degree matrix, 
as it has two multiple descripts. S. 43, Ch. XI is a fifth-degree matrix as it 
has five aggregative multiple descripts. 

The order of a matrix is the number of cells in each array. Thus, S. 10, Ch. Ill, 
is a 5 X 47 order matrix, while S. 43, Ch. XI is a matrix of order 3X2X2 
X 3 X 2 (i.e., *1=3 dates, t | = 2 periods, P | = 3 regional plurels, q | = 3 occupa- 
tional plurels, and r | = 2 racial plurels) . A square matrix is of order n X n, a 
rectangular one is of order n X n' (n ^ n'). 

The colon symbol denotes an aggregation. It states that, for each cell of the 
matrix preceding the colon, there is a further matrix as specified by the multiple 
descripts on the indices following the colon. Thus, in the Russian 5-Year 
Plan, S. 31, Ch. II, the three multiple descripts t |, |i, |j denote a third-degree 
matrix of order 4X3X2. The first colon states that each of the four period 
cells, t |, is expanded into arrays of 3 attribute cells, |i, and the second colon fur- 
ther expands each of these 12 attribute cells into an array of 2 further attribute 
cells, |j, (the “planned” and “fulfilled” categories) resulting in4X3X2 = 24 
cells. This matrix is one of one-way dependence, i.e., one index, the annual 
period, dominates or controls the data. Corresponding to it are three kinds of 
things observed as freight, passengers, and capital. Dependent on these are the 
subcategories of “ planned” and “fulfilled.” The left-hand side of the single 
colon always dominates the dependent right-hand side. The left side is the ob- 
servationally independent variable. Whenever there is mutuality and not dom- 
inaDce-dependence the colon is doubled. Thus in S. 7, Ch. II, the correlation 
scattergram of temperature and national athletic records, the formula is 
T :: j I : Pp, denoting a mutual cross-classification of the *| ranks of the tem- 
perature indicant with the 3 | class-intervals of the athletic indicant into 
i X j cells, and the dependence of the national frequencies, p |, on each of i X j 
scattergram cells. The colon, in brief, asserts a matrix derived by subclassifi- 
cation; the double colon asserts a matrix derived by cross-classification. 

28. Unreliability errors may be lumped together in a total unreliability vari- 
ance, or isolated as above, or still further analyzed. Thus, observer errors in 
one study (Ref. 12, pp. 62-73) were isolated and measured as due to differing, 
(a) questioners, (b) recorders, and (c) scorers of interviews filling out a scored 
schedule card. Observee unreliability was analyzed and measured separately 
as due to differing, (a) informants in one family, (b) sex of informant, and (c) 
date (daily and seasonal intervals) of informing. For formulae for synthesizing 
these errors see Chapter VI on Correlation. For a formula separating reader 
error (observer) from content error (observand) of school examinations, see 
Ref. 27. The term “ observation errors ” includes the observer, observand, and 
observee errors. 

29. Improvement of measurement means, of course, not only its quantitative 
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refinement (chiefly reliability) but also improvement in its significance (chiefly 
validity). Too many studies with reliable technics are made on socially non- 
significant phenomena, perhaps because a Ph.D. thesis must be ground out and 
the data are at hand. Unless the criteria for validation are socially significant 
ones, the validity of an indicator, however high the coefficients, remains a trivial 
finding. Those who depreciate quantitative methods are justified to the extent 
that such methods are misapplied or applied to sociologically unimportant 
problems. Such trivial application however, is equally possible with qualitative 
technics of any school whatever. 

30 . This 'view may help resolve some of the current controversy as to w T hat 
constitutes “measurement.' 1 One study may expressly define the term as be- 
ginning with ordinals but excluding all-or-none phenomena. (Compare Yule’s 
view, Ref. 83, Ch. I. His attribute is our attribute; his positive and negative 
attributes are our all-or-none indicant; and his “variable 5 ’ is anything from our 
ordinal up.) Another student may prefer to define measurement as beginning 
with cardinal units and call our all-or-none and ordinal categories quasi- 
measurement. In this volume we draw' the line between the qualitative and 
the quantitative, between non-measurement and measurement, between the 
unitary constant and its variation into degrees, at the point w T here an attribute 
becomes an all-or-none variable (a primitive indicant). 

An interesting corollary 7 of Yule’s terms of “positive and negative attributes ” 
is, that if the absence of the attribute is assigned an arithmetic value of minus 
one (instead of the usual value of zero), there results a tw T o-category variable, 
ranging from +1 to —1. If the categories are of equal frequency, the mean is 
zero and standard deviation and variance are unity. This may have useful im- 
plications in interpreting correlation in terms of percentages of such “atomic 55 
elements. (See Ch. VI.) 

31 . Compare Chapin’s levels of symbolic substitution in S. 1, Ch. XII. 

32 . For some examples of this process in measuring culture complexes, see 
such scales and their descriptive literature as in Refs. 2, 12, 40, 76. 

33 . The case script is used chiefly for such points as: 


M I = the mean of the indicant. (See S. 15, Ch. Ill) 

2 I = a two-point indicant, usually an all-or-none indicant 
H = an indicant of i points, usually an ordinal indicant 
(See S. 7, 24, Ch. II) 

I the standard deviation of the indicant, the point 
which is one sigma from the mean. (Distinguish 
J = the indicant expressed in sigma units, i.e., 
divided by sigma.) (See S. 30, vs. 34, Ch. II) 

‘ T = the lower and corresponding upper limits of the 
ranp of the values of the indicant. (See S. 30, Ch. II) 
M T — deviations from the mean; M_1 T == a particular devia- 
tion 

®I = the zero point or origin. (See S. 9, Ch. Ill) 


(Eq. 24a, Ch. Ill) 
(Eq. 16b, Ch. Ill) 

(Eq. 16c, Ch. Ill) 


(Eq. 24b, Ch. Ill) 

(Eq. 24c, Ch. Ill) 

(Eq. 24d, Ch. Ill) 
(Eq. 24e, Ch. HI) 


It should be noted that summing an aggregative case script (or any aggre- 
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gative descript) converts attributes into an indicant and a nullary index into a 
primary index. Suppose the attribute is an obvious unit, such as “a sheep,” 
i'l 0 , then more than one sheep is denotable as T°. This denotes an aggregation, 
a matrix of the first degree. It connotes, “For each separate sheep . . . some 
corresponding phenomenon.” But as soon as the sheep are summed up in a 
single number of sheep, then “a sheep” is the unit of an indicant, and the opera- 
tion of summing the aggregation has converted the attributes into a particular 
value of an indicant i T +1 . Thus: 

Si I° = *'I +1 (Eq. 25a, Ch. Ill) 

In another manner the multiple case script may be the equivalent of the singu- 
lar class-interval script. Thus, a number of individual sheep (cases) may be 
collectively the class-interval, such as “the third dozen” of sheep: 

Si I° = ,I +1 (Eq. 25b, Ch. Ill) 


34. A line vector is a line with magnitude and direction, i.e., length and an 
angle with some line of reference. If overlining denotes a line vector, then an 
index in vector terms is: 



(Eq. 26, Ch. Ill) 


where the I not overlined is the magnitude or length, and the I is a “unit vector,” 
a vector whose length is one unit. The I is called the “scalar” aspect of the 
vector, or simply a scalar. 

A negative vector is opposite in direction to a positive vector. Thus, —I, 
is negative vector of +1, both of which start at the point C in the accompanying 
diagram. 



To add vectors they are placed end to end and their sum, called the resultant 
vector, is the line from the origin to the tip of the last vector. Thus: 

li + I 2 = I 3 (Eq. 27a, Ch. Ill) 

For scalars expressed in sigma units : 

o\ — <j\ + <j\ + 2ri 2 (Ticr 2 (Eq. 28a, Ch. Ill) 

This relation (Eq. 27a, Ch. Ill) enables the calculation of the length of I3 from 
a knowledge of the standard deviations of indices 1 and 2, represented by vectors 
Ii and I 2 . 
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To subtract vectors, add the negative of the vector subtracted, thus: 

l x -h = I 4 (Eq. 27b, Ch. Ill) 

Note that, in the accompanying diagram, I 4 is equal and parallel to Ii. The 
location of the vector is immaterial: it is defined as a line of a specified length 
extended in a specified direction. 

For scalars in <r units: 

<j\ = — 2 ri 2 ^i ^2 (Eq. 28b, Ch. Ill) 

Note that the sum and the difference of two vectors are the diagonals of the 
parallelogram they make. 

There are two ways of multiplying vectors together, only one of which, the 
“scalar product,” is useful in S-theory. (Division by a vector, except in the 
colline&r case, is ambiguous and so is not permitted in vectorial algebra.) The 
scalar product (also called the dot product) of two vectors is: 

h • I 2 = IJ 2 cos 6 (Eq. 29a, Ch. Ill) 

which is the product of their scalar aspects times the cosine of the angle theta, 
which is the angle between the two vectors. 

Coe 6 = OA/OB the ratio in the right-angled triangle, in the diagram above, 

of the base OA, to OB, the hypotenuse (Eq. 30, Ch. Ill) 

Since the correlation coefficient, r, is geometrically the cosine of the angle be- 
tween the two vectors which represent the variables correlated, the scalar prod- 
uct can be written: 

Ii • I 2 (=Ii ,Ii • I 2 ,1 2 ) = Iil 2 r 12 (Eq. 29b, Ch. Ill) 

Since the correlation is an observable quantity and since the cosine can be con- 
verted into degrees of angle from a table, the angle between two components 
can be graphed geometrically. Thus, S. 34, Ch. II, studies the college admission 
indicants w T hich will best predict the criterion, college achievement, indicated by 
graduation standing. The correlations of the various predictive indicants with 
their criterial indicants are plotted as cosines of angles (in the circle of unit 
radius "where the scalar magnitude of each vector is expressed as one standard 
deviation). The indicant whose vector makes the smallest angle with the hori- 
zontally placed criterion vector has the correlation most nearly perfect, and is, 
therefore, the best predicter to use as a requirement for admission to this college. 
The indicant whose vector is most nearly perpendicular to the criterial vector 
has a correlation most nearly zero and is, therefore, the least efficient in pre- 
dicting academic success in this college. 

The square of a vector is the square of its scalar, 

I* = I • I = II cos Q = Hr = m = I 2 (Eq. 31, Ch. Ill) 

for the vector makes an angle of zero with itself and the cosine of an angle 

of zero degrees is unity (i.e., the index correlates perfectly with itself so 
that r = 1 . 00 ). 

35, The lower limit of the matrix (as previously stated) is reached when it 
shrinks down to a s in g le cell and becomes identical "with an index. An indfvr is 
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a single resultant vector no matter how many components may enter as factors 
or addends into that index. 

36. For another example of the relations of indices, vectors, and matrix no- 
tation consider S. 10, Ch. Ill, with the formula, I i: j. This is a second-degree 
matrix, as shown by two multiple descripts, |i and |j, of the 47 X 5 order as 
shown by the legend, where |i = 47 environmental items, and |j = 5 quintile 
probability indicants. There are 47 + 5 = 52 vectors representing this situa- 
tion. In the 5-dimensional space determined by the quintile indicants as refer- 
ence vectors, or co-ordinates, 47 resultant vectors are defined. Each of these 
47 row vectors is defined by the five cell entries giving the scalar distance along 
each of the five reference vectors. These five distances determine a point in 
5-space which, together with the origin, determines a row vector representing 
that environmental item. Alternatively, the reference and resultant vectors 
may be exchanged, letting the 47 vectors be considered as co-ordinates, or ref- 
erence vectors, defining a space of 47 dimensions. It may be an oblique space 
if the environmental items are correlated between 0 or 1.00, showing cosines of 
oblique angles between the 47 vectors. In this 47-space the five quintile col umn 
vectors can be considered as resultant vectors. Each column vector is deter- 
mined by the origin point and a second point specified by the 47 cell entries which 
state 47 distances along the 47 reference (i.e., row) vectors respectively. 

37. One method of graphing the aggregative operation of the colon is in the 
form of the teeth of a rake : 


i'"I : P 


i"I : P 


i' v I : P 
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where the “ teeth ” may be of uneven length. Thus, in the formula for a frequency 
distribution, J:P, the indicant is the horizontal vector from each of the line- 
sects (class-intervals, i>|, ^/|, etc.) from which springs a dependent P vector. 

A second geometric interpretational hypothesis is to consider the dependent 
mdex (P above) as a scalar whose corresponding values are weights lengthening 
the class-interval of the independent vector, I, thus: 


r>l 


iJ :P 


i"I :P 


i '"I : P 


i 'V 


I : P 


etc. 


This interpretation makes the colon the symbol for a distribution product of 
a vector and a scalar quantity — a form of multiplication intermediate between 


198 THE CHARACTERISTICS SECTOR, }l j [Pt. II 

the ordinary arithmetic multiplication of two scalar quantities and vectorial 
multiplication of two vectors (in the dot product described above). 

It should be noted that the one-way dependence, the amount of which is 
summarized in one of the two correlation ratios, is represented by the colon. 
Two-way, or mutual dependence, is where the correlation is rectili n ear, and the 
two correlation ratios become the one correlation coefficient and are repre- 
sented in S-theory by the double colon (if the operation is carried only as far as 
cross-classifying in a scattergram), or by the heavy dot (if the operation is car- 
ried through to calculate the correlation coefficient, which is the scalar product 
of unit vectors). From this viewpoint the colon denotes an imperfect, or half- 
way stage of vectorial multiplication. In terms of the scalar product as a cosine 
of the angle between tw r o vectors, I and J, the colon suggests a situation where 
the angle from I to J might be different, and even have no constant relation to 
the angle from J to I. This irreversibility occurs again in the interrelation mat- 
rices of Chapter VII where the “social distance” of party P, to party P„ may 
be unequal to the social distance of P„ towards P, (i.e., the “social distance 
margin” = P, : P„ : I — P„ : P, : I ?£ 0, or in Brief-S formula, I, : nf&n . n as 
explained in Chapter IX). 

In sum, the colon can be conceived as an operational variable, varying over 
three values. These are three kinds of multiplicative operations which form a 
series as follows : 

1. Colon absent = II = II = scalar times scalar = ordinary multiplication 

(Eq. 33a, Ch. Ill) 

2. Colon present = I : I? = II = vector times scalar = semi- vectorial multi- 

plication (Eq. 33b, Ch. Ill) 

3. Double colon = I :: I = I • I = vector times vector = scalar product of 

vectors (Eq. 33c, Ch. Ill) 

Our colon notation may become dispensable in developing vector notation to 
cover qualitative data as in attributes (1°), one-way dependency as in the corre- 
lation ratios and incompletely computed situations. At present, the colon see ms 
a more flexible symbol; but since all of* S-theory, especially its operational sym- 
bols, is hypotheses, further data and the criticism of other scientists may be 
expected to lead to their modification just as well as to their rejection or adoption. 

The division sign, /, denotes scalar division. Division of a vector must always 

be by a scalar quantity, since a vector as divisor gives ambiguous results and is 
ruled out by mathematicians. 

Division by a vector is possible in the case of collinear vectors which are vectors 
t t are parallel. Tensor theory develops a form of vectorial division by multi- 

plying an inverse in the i, j, k, system, but the application of this to S-theory re- 
mains to be explored. 

Thus, any index with a negative exponent is considered as a scalar quantity. 

a Yect °r by a scalar quantity the scalar aspect of the vector is di- 
vided by the divisor scalar, resulting in a vector unchanged except as to length. 
* n i ls * 

111,, = 1,1, H„ = (I,/I„)I f (Eq. 34, Ch. Ill) 
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The addition and subtraction of vectors (4 ) is explained above. The 

multiplication sign (X) denotes another kind of product of vectors, called the 
“ vector product” by mathematicians to distinguish it from the “ scalar product 
of vectors” denoted by the heavy dot. This vector product (see S. 14, Ch. VI) 
is still unexplored as to its usefulness in S-theory. 

38 . The adjective “ apparent” is inserted, as the s vectors may be found to 
lie in a space of less than s dimensions, as when three vectors lie in one plane. 
The number of necessary dimensions is set by the “rank” of the matrix of the 
inter-correlation coefficients of the indices. This bit of the theory of factors (or 
of components as they are beginning to be called in psychological usage) is more 
fully discussed in Chapter VI on Correlation. For an excellent exposition in- 
troducing the beginner, see Thurstone, L. L., Vectors of Mind , Univ. of Chicago 
Press, 1935, p. 266. This field growing out of C. Spearman’s two-factor theory, 
and G. H. Thomson’s sampling theory, and greatly enlarged by Thurstone, 
Kelley, Hotelling, and others is rapidly growing as evidenced by the new journal 
Psychometrika. 

39 . In the case of the space sector there are two types of dimensions (as de- 
veloped more fully in Chs. VIII and X), the ordinary three physical dimensions 
connoted by “length,” “breadth,” and “height,” and the statistical dimensions 
specified by the statistical moments (Eqs. 7-11, Ch. V). The number of physical 
dimensions is given by the spatial exponent (I 1 ), and this times the number of sta- 
tistical dimensions gives the total number of spatial dimensions in a situation. 

40 . Non-orthogonal, or “oblique,” dimensions may be used. An oblique set 
of dimensions can be transformed into an orthogonal set, and vice versa, by 
appropriate transformations. These transformational technics involve the 
matrices of the intercorrelation coefficients as these specify the angle between 
every pair of components. 

41 . It should be noted that the term “dimensions” is ambiguous in mathe- 
matics and science. One has to specify the “ dimensions of physics,” “ of algebra,” 
“of Euclidean geometry,” or “of some other geometry.” Thus, for one lack of 
consistency, a zero-dimensional space in geometry is a point which is also equiv- 
alent to a line of zero length. But in algebra, the zero exponent reduces its base 
letter to a value of unity. Thus, x° = 1, and in co-ordinate geometry, which 
links algebra and geometry, this means an x co-ordinate of unit length, not a 
dimensionless point. 

In algebra, “dimensions” connote the degree of the equation as given by the 
exponents. In geometry, “dimensions” connote the number of variables in 
an expression, i.e., the number of Cartesian co-ordinates. Thus: 

ax + b = 0 is a first degree (linear) equation involving one co-ordinate 
(1 variable) (Eq. 36a, Ch. Ill) 

ax + by = 0 is a first degree (linear) equation involving two co-ordinates 

(2 variables) (Eq. 36b, Ch. Ill) 

ax 2 + by = 0 is a second degree (quadratic) equation involving two co- 
ordinates (2 variables) (Eq. 36c, Ch. Ill) 

+ by + cz = 0 is a first degree (linear) equation involving three co-ordinates 

(3 variables) (Eq. 36d, Ch. Ill) , 
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In Physics, the “dimensions ,T mean the exponents on M, T, and L, the sym- 
bols for mass, time, and length. Thus, the dimensional formula for a velocity 
is LT' 1 , and for a physical force, MLT“ 2 . 

In S-theoiy the number of dimensions is determined by the class script. The 
class script states the number of indices which are variables in the geometric 
sense, and it connotes the number of Cartesian co-ordinates required to geo- 
metrically represent that S-situation. The exponent deals with the directions 
of the dimensions— an exponent of zero in general fixing a direction by asserting 
a point in societal multidimensional S-space, an exponent of +1 asserting a 
distance in that direction, and an exponent of +2 asserting that the angle be- 
tween two dimensions has been determined. The exponent thus states the op- 
erational degree to which the directions of the dimensions have been determined. 
(The spatial sector is complicated by the possibility of a double operation of 
exponents, first in squaring or cubing a length, and second in calculating the 
statistical moments (as sketched in the previous sentence) in frequency distribu- 
tions of such lines, areas, or volumes.) 
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THE POPULATION SECTOR, ?Pg 


studying situations defined by S = T°; P; L°; P 1,2 




Chapter IV 
PLURELS, P 

1. THE POPULATIONAL EXPONENT , | p 

A. Definitions 

A single human being will be referred to as a “person.” Any 
collection or grouping of persons will be defined as a “plurel.” 
A group is an interacting plurel. A population means all the 
persons and plurels within it. A “party” is the term which will 
hereafter denote either a person or a plurel. A “population” may 
vary upwards in number from one party at the lower limit. Occa- 
sionally the more colloquial term “ people” will be used as prac- 
tically synonymous with population. A population index is the 
size of a population stated either in relative terms, such as per- 
centages, or in absolute terms of the number of parties. 

Population indices denote populations that are qualitatively 
different, i.e., are products of different attributes and popula- 
tion. A population index is thus not entirely synonymous with 
the term plurel, for in a frequency distribution the frequencies of 
persons corresponding to each class-interval of the indicant are 
a plurel, but only a part of the population. Such a plurel is a 
quantitatively defined plurel having the same attribute as the 
plurels in the other class-intervals. Such a plurel geometrically 
is a line-sect, a scalar subdivision of the length of the vector which 
represents the index. 

All the population indices, modified by their scripts, constitute 
the population “sector” of any defined situation. 

B . The Populational Exponent 

In societal situations population indices may occur with any 
one of four exponents from minus one to plus two : 

pp = p 0? p+i ? P-* p+2 (Eq. la, Ch. IV) 

including a few combinations of them. 
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1. Nullary Populations, P 

Whenever a situation has little or no reference to the number 
of persons, the population index is “nul” and is so denoted by 
an exponent of zero and no descript. 

PS = a “nul” population, not affecting the situation (an index 
with nullary exponent and zero descript) 

(Eq. lb, Ch. IV) 

All the S-situations in Chapter III on Indicators contained nul 
populations, which, since they had zero descripts, were not writ- 
ten in the descriptive formulae and were denoted in the quantic 
number by a zero. Of course, these and all other societal situations 
to be societal ones must have some reference, however remote, to 
people. Either they are created by people as part of human cul- 
ture, or at least, to be recorded and presented as an S-situation, 
must have been observed by people. But if the number of persons 
is immaterial in the situation, if a canvass or enumeration of 
persons or plurels has not taken place, either actually or theo- 
retically, in the recorded situation as presented, then the popula- 
tion is defined as “nul.” 

2. Primary Populations, P 1 

The operation of listing or counting persons or plurels defines 
the existence of the primary population index denoted by an 
exponent of plus one: 

P +1 = a population, a primary populational index 

(Eq. lc, Ch. IV) 

All the b-situations in this chapter are examples of primary 
populational indices. 

Whenever the population is expressed, not in absolute units 
of the number of parties, but in relative units of percents or per- 
milles, one population has been divided by another population. 
This merely shifts the units . 1 * 

3. Secondary Populations, P 2 

After a population, characterized in some way, has been ob- 
served, a more penetrating level of sociological observation is to 

* For Eqs. le~2e, Ch. IV , see notes at end of the chapter. 



Ch. IV] 


PLURELS, P 


205 


/- 

determine its structure, and the interrelations of the persoA^aud 

A T. I 

plurels composing it. The interrelation of every person with 
every person, including self-relations, and the interrelations of 
every plurel with every plurel, including in-group relations, are 
seen in S-theory to be the core of distinctively sociological phe- 
nomena as distinguished from the phenomena of all the other 
social sciences which S-theory also covers. (It is to study these 
interpersonal relations more intensively that the new journal, 
Sociometry, has been founded.) These interrelations, including 
relations between persons and plurels, are most systematically 
set forth in the 'population interrelation matrix. This matrix has a 
col umn for each party, i.e., person or plurel, and a row for each 
party, so that there is a cell (at the intersection of a row and 
column) for every possible pair of parties. If P is the number of 
parties, the complete interrelation matrix has P 2 cells. These 
and other considerations (which are more fully presented in 
Chapter VII on Interrelations) make the exponent of 2 on the 
population index the quantic formula, symbolizing the interrela- 
tions of the parties in a population. 

P 2 = the quantic formula for an interrelated population, a 
group, a matrix of the interrelations of all pairs of persons 
and plurels in a population (Eq. Id, Ch. IV) 

(For examples see all the S-situations of Chapter VII.) 

C. Plurels in the Quantic Classification 

The phenomena of interrelated populations (P 2 ) will be taken 
up in Chapter VII. The present Chapter IV deals only with 
primary populations, P +1 and P -1 . In the three-dimensional model 
of the quantic solid (shown in S. 33, Ch. II) the previous Part II 
and Chapter III on Indicators studied the bottom stratum, P°, 
where population was nul, and in it the array from the leftmost 
to the foremost corners where time was nul, T°, i.e., static situa- 
tions. The present Part III on the Population Sector takes up 
first in Chapters IV, V, and VI the array in the middle stratum, 
defined by P 1 , (| 8 = 0;i;0;l) under the Indicator array studied 
above, and next in Chapter VII the array in the top stratum 
defined by P 2 (0,i;0;2). The present chapter takes up one cell of 
the TTI/P 1 array (0]i;0;l), namely the cell of static attributes 
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combined with population and defined by the quantic formula, 
T°;I° X 0 ;? 1 , or by the quantic number 0;0;0;1. This is the cell of 
persons and plurels, which are qualitatively characterized without 
reference to lapse of time or to geographic area. 

Population characterized by quantitative indicators, i.e., meas- 
ured by some indicant, will be studied in the next chapter on 
Distributions. Following this, Chapter VI on Correlation studies 
populations characterized by correlated indicators. 

Populations distributed with reference to geographic area will 
be studied under the heading of Densities in Chapter VIII, when 
the spatial indices will be combined with indicators and popula- 
tions. Populations distributed in time, as in age pyr ami ds, vital 
statistics rates, and other populational changes, will be taken up 
in Chapters IX to XI of Part V, where' temporal indices will be 
combined with the indicatory, populational, and spatial indices. 

II. THE PLUREL SCRIPT, \ p 
A. Definition of the Class Script, the Post-Subscript, | p 

The number and the kind of plurels which may compose a 
population are denoted by the class script, the post-subscript, 
|p. The class script in the population sector is conveniently re- 
ferred to as the plurel script.” As usual, the primed script, | p » 
(or the prime alone), called the “singular” plurel script, denotes 
a particular specified plurel ; while the unprimed lower case letter, 
Ip, called the “multiple” plurel script, denotes the aggregation 
of plurels of a given kind. The legend states the kind of plurel in 
the given S-situation that is symbolized by the plurel script. A 
population is usually composed of a hierarchy of plurels, that is, 
a general classification with classes and subclasses and sub- 
subclasses in descending “degrees”: 

Pp'rqir — a hierarchy of plurels showing 3 degrees of plurel scripts 

(Eq. 3a, Ch. IV) 

This formula states that there is a population of persons, P in 
number, of the kind denoted by | p », which has corresponding sub- 
plurels of the kind and number denoted by | q , each of which in 
turn is subdivided into subplurels of the kind and number de- 
noted by each of which in turn might be composed of further 
subplurels of the kind and number denoted by | 6 . The colon 



Ch. IV] 


PLURELS, P 


207 


symbol, denoting correspondence in general, is more simply ver- 
balized here as subclassification. | q:r may be read, for example, 
as “the q plurels are each subclassified into a variable number of 
r plurels.” In matrix terms, a cell is extended into an array by 
being broken down into a series of subcells. The organization 
chart of a business firm, a government department, or region, 
into state, county, and township strata are examples of a hier- 
archy of plurels. This hierarchy can be visualized in the diagram- 
matic pattern: 

1st degree, | p ' 
p s _ , 2nd degree, | q 
3rd degree, | r 

(Eq. 3b, Ch. IV) 

Note should be made of the fact that this hierarchy of classes 
can be general to all four sectors and becomes a hierarchy of 
plurels only in the population sector. The number of subdivisions 
is a variable. The variable may include the value of zero which 
denotes a a nul” class. Thus in the diagram above, the four 
plurels in the second degree, identified by | q ^, | q ^, | q ///, | q ^, have 
4, 2, 3, and 0 subplurels respectively in the r degree or stratum. 
| r then, has four values here, namely, | r = 4, 2, 3, 0. A further 
important property is that the classes are non-overlapping. (The 
case of overlapping plurels with common members is opera- 
tionally more complex and is dealt with in Chapter VII.) 

It may readily be seen that this hierarchy formula (Eq. 3, 
Ch. IV) has a thousand applications, family trees, tournament 
charts, army ranks, jurisdictions of judicial courts, electoral dis- 
tricts, precincts and wards, departments of a factory or store, 
or any organizational scheme, or any classification of people 
into classes and subclasses. The reader should scan S-situations, 
in this and other chapters, which involve a hierarchy of class 
scripts for examples of its significance. 

B. The Product of an Attribute and a Pure Population , the 

Descripted P 

A closer scrutiny of the meaning of the plurel script can now 
be made. In reality the plurel script represents an implicit 




m 


THE POPULATION SECTOR, gPg 


[Pt. Ill 


product of an attribute with a class script multiplied by a “pure” 
population. In this statement the terms “implicit,” “product,” 
and “pure” should be clearly understood. A “pure” population 
is a number of persons with no indication of any sort as to the 
kind, identity, or characteristics of those persons. The qualita-' 
tive characteristics which state the kind and identity of the 
population are expressed by an attribute with its descripts. Thus 
an enumeration of the population of France is in reality a product 
of the characteristic “French” = I?/ times a number of persons, 
P, so characterized. For simplicity this product is cross-scripted, 2 
i.e., condensed in notation, so that the plurel script denotes what 
the attribute class script would denote: 

I?'P J 1 = PJ 1 = the product of a population and the attribute 

characterizing it (Eq. 4a, Ch. IV) 

The “pure P” in the left-hand member of Eq. 4, Ch. IV is a 
mere coefficient. Its zero plurel script states that it is a plurel 
of no kind whatever. Vectorially considered, it is a scalar length 
of the vector whose direction is defined by the qualitative charac- 
teristic, the attribute. The “descripted P,” defined by the right- 
hand member of Eq. 4, Ch. IV is an implicit, or understood, 
product of an attribute and a “pure” population. Geometrically, 
it is a vector whose scalar length is stated as the number of its 
person-units, P, and whose direction is stated by the kind of 
population denoted by the plurel script, [ p r. 

This concept of a “pure” person and a “pure” population 
derives from our definition of a person as a human being having 
characteristics. 3 Every pure person is considered as equal and 
interchangeable with every other pure person. It is a st an dardized 
cardinal unit of population which is objectively deter min able as 
in counting noses. AH persons are identical in the one respect 
of their being carriers of characteristics. These characteristics, 
qualitative and quantitative, static and dy nami c, in their myriad 
patterns, distinguish persons from each other yielding the ob- 
served individual differences of behavior and personality. The 
pure person is an abstract concept created for the purpose of 
standardizing a unit of population. No one ever saw or touched 
a pure person apart from any and all his characteristics. A pure 
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person is defined as a single human being, abstracted apart from 
all his characteristics. 

The ways in which observed persons differ from each other 
define their variable characteristics. This definition is clear-cut 
and unambiguous, as persons, even in the case of Siamese twins, 
can be identified by counting heads and all other differences and 
properties are characteristics. The problem of predicting and 
controlling human behavior is thus chiefly a problem, as stated 
before, of developing indicators of the characteristics of people 
(in suitable combinations with the time and space indices, of 
course) . 

A “pure population” is a number of “pure persons,” uniden- 
tified and uncharacterized in any way except as to number. It is 
thus readily seen that every observed population is a combina- 
tion of some characteristic observed as an indicator and a pure 
population. This combination is a product. It can be repre- 
sented mathematically as an attribute times a pure population, a 
quality times a quantity, yielding as product a quantity of a 
quality, an amount of some kind of people. This statement is 
symbolically stated in Eq. 4, Ch. IY. This attribute-population 
product is a fundamental concept in the S-theory, as is the product 
of the attribute with any index. As noted above in Eq. 9, Ch. Ill, 
every indicant is implicitly such a product of an attribute and a 
numerical coefficient, a “pine” indicant. As will be seen in later 
chapters all identified geographic regions and all dated historical 
events are similarly products of attributes with pure, i.e., math- 
ematical, space and time. The attributes represent any item of 
qualitative knowledge. Its product with quantities is a major 
hypothesis in S-theory and may be referred to as the “attribute 
product” hypothesis. Its usefulness in combining qualitative and 
quantitative phenomena within the field of mathematical manip- 
ulation is nowhere better illustrated than in the population sector. 

The attribute product can next be extended to the multiple 
plurel script, thus : 

IfP^ -1 = P p = a population composed of plurels of the kind and 

number denoted by | p , each plurel having the num- 
ber of persons denoted by the (variable) P 

(Eq. 4b, Ch. IV) 
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Note that when P is alone, a plurel script of 1 is always under- 
stood. It denotes the number of persons in the whole population 
in the situation that is being analyzed. When the P is modified 
by the plurel script it becomes a variable in the form of a matrix 
with as many cells, or numerical values of P, as there are plurels. 
Thus in S. 2, Ch. IV, P p has three values, namely, P p < = 77,118 
“deaths,” P p " = 83,390 “severely wounded,” and P p -' = 142,104 
“other cas ual ties,” while in the subplurels, classified by causes 
of death, P q has four values, namely, P q ' = 34,248 “killed in 
action,” P q -> = 23,430 “died of disease,” P q "- = 13,700 “died 
of wounds,” and P,-r = 5740 “died from miscellaneous causes.” 
In each instance P is the number of persons, and the singular 
plurel scripts (differentiated within each degree of the classifica- 
tion by the primes) denote the kind of persons that are specified 
by the phrase in quotation marks. This illustration extends the 
attribute product to a hierarchy of two degrees. 4 * 

This can be generalized as follows: 

I? ■ i • : nPj 1 = P P :q:r;...:i = a hierarchy of plurels defined as 

the product of a pure population 
index and a hierarchy of attri- 
butes characterizing that popula- 
tion (Eq. 4c, Ch. IV) 

Note that in the descriptive formula (as disting uish ed from 
the quantic formula which omits the descripts) a P with zero 
descripts is a “pure” P, i.e., an undescripted or undescribed 
population. Since the pure P never has any descripts, it is con- 
venient to use the notational condensation of letting the popula- 
tion descripts, Jj p , denote what is denoted by the descripts of the 
attribute, jlf, that are multiplied into the P. This condensed 
notation saves wearisome redundancy of writing an 1° diph- 
thonged with every index. It is as justifiable a convention as the 
omission of the (understood) exponent of 1 and coefficient of 
1 attached to every algebraic letter, as in the expression 
x + y - z = 0, which really means lx +I + ly +I - l z +1 = 0. In 
practice, in analyzing situations into a descriptive S-formula, the 
populational descripts are used with little awareness of this im- 
plicit condensation. But the student should clearly realize that 

* For Eqs. 5a— b, Ch. IV , see notes at end of the chapter. 
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every descripted population represents an attribute-population 
product, or else the definitions of the sectors become confused 
and the concepts of this S-system would cease to rigorously fulfill 
the canon of classification that categories must not overlap and 
must have definite boundaries. 

The product of an attribute and any index is comparable to a 
noun modified by an adjective (or, in the case of an attribute times 
a dynamic index (IT -1 ), it is comparable to a verb modified by 
an adverb). The quality expressed by the attribute limits and 
modifies the pure index much as an adjective does. 6 * For exam- 
ple, in S. 10, Ch. IY the formula with the attribute written ex- 
plicitly is: T° : Ip-:q: r;s P in which 

Ip' = "gainfully occupied in the United States” (really 3 at- 
tributes, i.e., 3 adjectives kaleidoscoped) 

I® = “male” and "female” 

I® = "professional,” etc.; "skilled,” etc., and “unskilled” 

I® = “clerical,” “agricultural,” “commercial,” etc. 
and P = the number of persons so characterized 

The question arises as to when, if ever, the attribute is written 
explicitly with the population. Either the explicit or the implicit 
treatment is defensible usage and makes no difference in the 
quantic formula classifying the situation. It is partly a matter of 
emphasis. One attribute is always treated implicitly to identify 
the population, a second and further attributes are preferably 
condensed, though occasionally they are written explicitly for 
separate emphasis (as the statements of beliefs in S. 12, Ch. IV). 6 

C. Classification of Plurels 

A plurel has been shown to be a number of people characterized 
by indicators in the form of an attribute-population product. 
Can these attributes defining plurels be reduced, for systematic 
• purposes, to a more significant classification than the unsatisfac- 
tory general classification of indicators outlined in Chapter III? 
Eubank has collected-together the attempts that sociologists have 
made to classify plurels (Chapter VIII of Ref. 25). The student 
should consult this excellent review of the literature, as only a 
few points from it will be taken up here. 

* For Eq. 6, Ch. IV, see notes at end of the chapter. 
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Eubank lists the classifications (Ref. 25, pp. 116 ff. and pp. 
154 ff.) which have been offered, built upon the following bases 

(characteristics) : 

Concepts pertaining to various classifications of plurels — 

1. Ethno-anthropological classifications 

2. General social classifications 

3. Classifications based on culture levels 

4. Classifications based on structure 

5. Classifications based on function 

6. Classifications based on extent of the social contact 

7. Classifications based on the nature of the bond that holds 
the group together 

8. Special plurels of significance to Sociology 7 

These classifications Eubank, following Von Wiese, reduces to 
three types : 

categories — plurels having some characteristic in common, i.e., 
red hair, superior IQ, male sex, a certain age, laborers, crim- 
inals, the elite, etc. A classification on the basis of similarity 

aggregations — crowds, mobs, people-on-the-street, audiences. 
A classification on the basis of spatial proximity 

groups — interacting people, a plurel of persons in active or 
suspended psychic interaction. A classification on the basis 
of interaction 

Of these types, only the qualitative subdivision of the “ cate- 
gories type” would be classified as in the present chapter, by the 
quantic formula which is defined by P, i.e., I°P (| 8 = 0;0;0;1). 

The quantitative 11 categories” are classified by the quantic 
formula under distributions I +X ;P +1 (| s = 0;1;0;1), which is the 
theme of the next chapter. The crowds involve physical space 
and will therefore be taken up as classified by their quantic for- 
mula of I;L 2 ;P (|* = 0;1;2;1) in the chapter on Densities. 
(Part IV, The Space Sector.) 

The interactivities, which are il groups” in the newer socio- 
logical sense, have the quantic formula of I;P 2 (| a = 0;1;0;2) and 
are the subject of a special chapter on Interrelations of people. 
Their definition and classifications of structures and functionings 
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will be reserved for fuller treatment in Chapter VII (and Chap- 
ters X and XI for their dynamic aspects) . 8 

For many practical purposes the classification of indicators of 
group-culture, based on Bernard’s "composite or derived institu- 
tionalized environments organized for the purposes of social 
control” (see Chapter III), is a useful though rough classifica- 
tion both of groups (interacting plurels) and of plurels generally. 
Our elaboration of this list is : 

A. Segmental — plurels specializing on a segment of the life of a 
person and of a plurel 

1. Domestic, including sex plurels 

2. Economic, including occupational plurels 

3. Political plurels 

4. Educational plurels 

5. Medical (health) plurels 

6. Recreational plurels 

7. Ethico-religious plurels 

8. Aesthetic plurels 

9. Linguistic plurels 

10. Racial plurels 

B. Communal — plurels combining in varying degrees the seg- 
ments above 

More or less self-sufficient, or partially isolated, plurels (in 
which the cleavage between subclasses of one segment, such 
as economic levels or races, often dominates) : gold coast vs. 
slum communities, nomadic vs. settled communities, resident 
or native vs. foreign or transient communities, racial-linguistic- 
religious communities (such as Jews and Gentiles in some 
countries, or Moslem, and Hindu and English in India), 
negro vs. white communities in South Africa and in the south- 
ern United States, the " intelligentsia ” vs. illiterate com- 
munities, the "underworld” vs. law-abiding communities, etc. 

As previously emphasized, this segmental classification of 
plurels is open to many criticisms and is far from being a logically 
satisfactory classification. Its chief value is that it is in practical 
everyday use in society. All persons when occupationally clas- 
sified in a census tend to be put under some such set of headings. 
In totalitarian plurels approaching inclusion of all plurels in a 
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region such as government ministries or cabinet departments, 
there is a similar rough tendency to follow this classification in 
ministries of economics or commerce, education, health, com- 
munications, welfare, and subdivisions of the political into judi- 
cial, military, diplomatic, and other departments. In institu- 
tions representing a comprehensive classification of knowledge, 
such as the larger universities, there are departments of sociology 
and social work, economics and business, political science and 
law, psychology and education, religion and ethics, languages and 
literature, fine arts, extra-curricular activities, etc. These roughly 
correspond to the segmental groupings above, though historical 
accidents of the institution’s development and other factors give 
rise, of course, to much variation in grouping, subdivision, and 
emphasis of these fields. (The racial category seems less co- 
ordinate than the others, but recalling that these categories are 
of plurels u organized for purposes of social control,” and recalling 
this recent role of race in white vs. black, white vs. yellow, “the 
white man’s burden/’ Nordic and Aryan and Semitic ideologies, 

its inclusion is perhaps justified.) 

These plurels are to some extent defined by the persons who 
are specialists in carrying on the function of that plurel on behalf 
of some clientele or public. Thus housewives and domestic ser- 
vants specialize in maintaining domestic plurels (families) ; all 
gainfully occupied producers and distributors specialize in some 
kind of goods or services; government and party officials and em- 
ployees specialize in political functions; teachers and researchers 
specialize in imparting or gathering knowledge for clienteles of 
students, scholars, and scientists; the clergy specializes in the 
functions of religious and ethical clienteles; the doctors, nurses, 
pharmacists, and the rest of the medical profession, and employees 
of institutions specializing in purveying health constitute the 
health specialists of society; similarly, directors and employees 
of amusement, sporting, fraternal, recreational, and social organ- 
izations are the recreational specialists serving this segment of 
the life of society; teachers of language, interpreters, writers, 
workers, in publishing and broadcasting establishments spe- 
cialize in communication functions; and propagandists of inter- 
racial attitudes specialize in making the characteristics of race a 
means of societal control of some plurels by others. 
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The reader of the above sketch is as likely to be as much im- 
pressed by the lack of boundaries, the merging or overlapping of 
one category and another, as by a clearer concept of separate 
plurels. This is inevitable in society. The patterns of societal life 
are so interwoven and integrated that any classification of them 
and of the persons embodying them into segments can be classified 
only rou ghly into “regions” with border zones always present. 
The scientific solution of this problem lies not in facile verbalizing 
or namin g plurels and their characteristics, such as in the above 
paragraphs, but in the arduous and skilled work of observing 
these characteristics more minutely, comprehensively, and re- 
liably with the aid of such instruments as the schedule card, 
attitude test, records of speech, and other behavior, photographs 
of ma terial culture, and movies of behavior, etc. With the pains- 
taking work of thousands of investigators over scores of years, 
inventing, validating, applying, and analyzing the findings of in- 
struments of precision for societal observation, the data about 
plurels and groups will become an increasingly adequate basis 
for si gnifi cant classification such as enables prediction and con- 
trol. 

This working hypothesis that better instruments of observa- 
tion and resultant better data are the paramount needs for de- 
veloping a real science of society, may be illustrated in the case 
of the “communal” plurels listed above. To fix thinking, con- 
sider the Moslem, Hindu, and English communities in India as 
an example. What are the limits defining each of these com- 
munities? They shade off into Eurasian hybrids in one direction, 
into outcast Hindus trying to identify themselves with the Sikh 
or any other community in another direction, into Buddhist, 
Chris tian , and other non-Moslem, non-Hindu Indians in another 
direction, and so on ad infinitum. To what extent does the clas- 
sifying of people in India into Moslem, Hindu, English, and other 
co mmu nities serve the scientific purposes of improving our ability 
to predict and control the behavior of such people? Only as 
knowledge of the habitual action patterns of each community 
in defined situations becomes more precise and comprehensive 
can prediction become more accurate, and agencies of purposeful 
control become more effective. Some obvious phenomena are 
known. If Moslems kill a cow, sacred to Hindus, before a crowded 
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Hindu temple, it is a provocative act which may be predicted as 
tending towards a riot, and police or an influential leader must be 
promptly called out to control the mob. But subtler phenomena 
elude the sociologist until equipped with better instruments of 
observation. How will each community react to such-and-such 
legislation, or speech, or administrative act? If it were possible 
to have every person in an audience, or listener to a radio broad- 
cast, or reader of a newspaper, by some electrical system press a 
button and record his vote or attitude in suitable categories more 
significant than mere “aye” and “nay,” a more sensitive “barom- 
eter,” or predieter, of public opinion and of emotions and eventual 
behavior would be achieved. This is but one possibility among a 
host of instruments of societal observation which must be de- 
veloped in order to secure more reliable and valid data towards 
improving societal prediction and control. 

The above digression on methodology in classifying plurels leads 
to another point on methodology. This is that the contribution 
of S-theory is seen not as an unproved classification of plurels, but 
as a symbolic notation for handling any classification that may 
be proposed. The classification into segmental and co mmun al 
plurels abo\ e is unsatisfactory and needs to be improved upon. 
But more useful than the offering of one more classification of 
plurels to the sociological repertoire may be the formula for a 
hierarchy of plurels (P p: q ;r: which are merely characterized 

or found “ interacting relationships (P+ 2 ), with some spec- 
ification of internal structure of leaders or specialists ( p |), in 
standardized units ( p |). This symbolism is s ummar ized 

ctO pi p* 


the list of 
specified persons 

the list of 1 
class-intervals j 


p p = the exponent 

3? = the number of persons 


p p : q : r : ■ - • ; * 


— the list of plurels of successive 
, degrees in a hierarchy 

- the population sector, a hierarchy of persons and plurels, • 
characterized in defined units (Eq. 7, Ch IV) 

Tins formula enables the multiplying of persons and plurels 
by their qualitative and quantitative characteristics and rela- 
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tionships and furthers the precision of thinking required by the 
mathematical rules of manipulating equations. 

D. Sociation , \ p 

The plurel script states the number of plurels into which a 
given population is subdivided. If these plurels (a) include the 
whole population, (b) without overlap, and (c) are of interacting 
parties, i.e., are “ groups,” then the plurel script measures the 
amount of association or dissociation in that population. The 
limi ts of this measure are unity at the extreme of association in 
one big group, and the number of persons (P) at the other ex- 
treme of complete dissociation from groups into single persons. 

| Sp = the number of plurels, a measure of sociation 

(Eq. 8a, Ch. IV) 

s p = 1 = associative limit of sociation (Eq. 8b, Ch. IV) 

] s p = P = dissociative limit of sociation (Eq. 8c, Ch. IV) 

Thus, if several religious denominations unite, if several busi- 
ness firms merge, if political states federate together, if two clubs 
reorganize into one club, or if ten schools teach the pupils for- 
merly taught by more schools, association has taken place. 
Oppositely, the splitting of a church into two churches, the 
proliferating of business, political, social, or other organizations 
into more numerous organizations, are examples of dissociation, 
provided they comprise the same population and are not formed 
by recruiting outside of that population. (The processes of asso- 
ciating and dissociating are discussed in Chapter X on Change.) 

Since the symbol | p means plurels, the above formulae include 
not only sociation of groups but also non-interacting plurels. The 
latter type is illustrated when the observer differentiates the 
population into more subclasses, as when a census starts to spec- 
ify different kinds of “engineers,” “doctors,” etc. This type of 
dividing up into more numerous plurels is done by the analyst, 
not by the people in the plurels. It is not ordinarily thought of 
by sociologists as association or dissociation at all. Since the 
essence of it is distinguishing fewer or more qualitative charac- 
teristics of people, it is better termed differentiation-similarization 
of a population. Mathematically, this concept is derived by sub- 
stituting Eq. 14, Ch. Ill, defining differentiation into Eq. 4b, 
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Ch. IV, defining plurels as a product of attributes and a popula- 
tion. Hence the differentiation of non-group plurels (Eubank’s 
^categories”) is symbolized by 

IiiP — differentiation of plurels (Eq. 9, Ch. IV) 

which states definitely only the number of plurels, | Si , and leaves 
indefinite (as denoted by the underlining symbol) the number of 
persons and the nature of the characteristic of each separate 
plurel. 

The symbols in Eq. 8, Ch. IV then, will denote sociation only 
when the plurels are explicitly written as, or implicitly understood 
to be, groups. This relationship of sociation is fundamental in 
Sociology, but, as its dynamic aspect, the process of sociating, is 
even more important, fuller discussion is postponed until the 
time sector is discussed. 

E. Value Plurels , P v 

In classifying indicators, it was pointed out that among psycho- 
logical indicators perhaps the most socially significant basis of 
classification was by human evaluation into positive and negative 
values, i.e., desires and aversions. When these indicators charac- 
terize and define plurels, the plurels may be termed evaluated 
plurels or simply value plurels. Thus health is a positive value to 
most human beings (excepting perverts, ascetics, or psycho tics). 
Normal people desire it and tend to behave in such a way as to 
avoid sickness and death (subject to the limitations of their 
knowledge). Sickness, crippledom, insanity, are generally nega- 
tively valued. The sick, the crippled, the insane are then negative 
value plurels. 

IvP = Pt = value plurels (Eq. 10a, Ch. IV) 

I~rP = P-v = negative value plurels (Eq. 10b, Ch. IV) 

I +T P = P-h, = positive value plurels (Eq. 10c, Ch. IV) 

The v script is simply a subvariety of the indicator script, i. 

Each of the ten plurels in the segmental classification above 
represents a body of positive societal values. A dearth of these 
values, their opposites, or decrease of them, are negatively valued. 
Each of these ten plurels has its corresponding negative value 
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plurels, or social problem plurels as they are more frequently 
termed. Economic plurels have their problem plurels of the poor 
and the unemployed; educational plurels have their problem 
plurels of the illiterate, the ignorant, and the superstitious ; polit- 
ical plurels have their problem extremes in the criminal within a 
country and the war-makers internationally; and so on down the 
list. 

These human evaluations are subject to objective and often 
quantitative observation. Value plurels may then be distributed 
according to degrees of the value. The quantic formula for dis- 
tributions is I +1 P +1 , which is the topic of Chapter V, so that here 
only the existence of qualitative value plurels and the notation 
for them will be pointed out. For examples of negative value 
plurels in this chapter see S. 2, 3, 4, and 9. Since, as explained 
later, the value script involves the subjective judgment of the 
analyst, unless the evaluation has been experimentally determined, 
it is not written as a v, but in the more objective notation of 
p, q, etc. 

III. THE POPVLATIONAL CLASS-INTERVAL SCRIPT, ,\ 

The multiple class-interval script in the population sector ( p |) 
states the number of quantitatively equal classes in which the 
population is expressed. The singular class-interval script ( p ,|) 
defines a particular class-interval and, if underlined to denote 
indefiniteness, it denotes any one particular, i.e., typical, class- 
interval. In this sense it can assert the unit. 

The unit of population is either a person, or a number of per- 
sons, a plurel. The P means the number of persons and requires 
no class-interval descript if that is the unit. If the unit is a plurel 
it must be so specified by a descript. Thus in S. 11, Ch. IV (the 
distribution of polygynous families in a Syrian village compared 
with a city), the unit of frequency is one family and is so stated 
by the class-interval script. 9 * 

IV. THE PERSON SCRIPT, *\ 

The case, or point, script in the population sector denotes 
persons and is conveniently referred to as the “person script.” 

* For Eqa. 11a— b, Ch. IV, see notes at end of the chapter. 
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It has the notational function of denoting an aggregation, or list, 
of persons, an array of a matrix. 10 * 

The person script is especially useful in specifying the structure 
of a group. Groups have leaders, often in an elaborate hierarchy, 
as in officers of an army. Groups have specialists who carry on 
the functions of the group in behalf of their clienteles, such as 
newspaper reporters and editors in behalf of newspaper readers 
lawyers on behalf of litigants, doctors on behalf of the sick, etc! 
Some examples of the use of the person (and other) descripts in 
describing the personnel elements in the structure of a group 
may be suggestive for further uses. 

Eubank cites Aristotle’s structural classification of political 
groups (Ref. 25, p. 152). T his classification on the basis of the 
number of rulers and an evaluation of them may be expressed in 
S-formulae, as follows: 


Number 

of 

rulers 


One 


Few 


Many 
or 
Most J 



Positively ' 


Negatively 


; = p [ 

valued 

• = l+T 

valued 

■ - u 

J 

indicators , 


indicators „ 

1 — v 




(Eqs. 13a, b, c, Ch. IV) 

*1 = i 

Monarchy 

H 

■% 

+ 

4 

Despotism 1 





or 

■ = 'p 

1 —V 




Tyranny , 





(Eqs. 13d, e, f, Ch. IV) 

»] < -5P 

Aristocracy 

= P< -5P +V 

Oligarchy 

= p< 5P_ V 




(Eqs. 13g, h, i, Ch. IV) 

"! > ,5P 

Democracy 

= ^.SP+v 

“Mobocracy” = tf>.5P_ T 


**5 ? = num ' )er of persons in the population (Eq. 13m Ch I VI 
and I - the aggregation, or list, of rulers (Eq. 13n, Ch. IV) 

A second example of the adaptability of the standardized nota- 
tion of S-theory is the structure of kith and kin in the family. 

Let h = husbands w = wives c = children 

r - other relatives who may be specified with separate 
syEft as elaborately as required in a given study 

bo^Z ^f^ard niles for scripts and operational sym- 

h f ° Uowmg ^ of fai ^es of interest to the 

12s_h ’ Ch. IV, see notes at end of chapter. 
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anthropologist and to the social worker may be expressed in 
formulae, thus 

a. Monogamous = h ' + " - ' +c P (Eqs. 14a-q, Ch. IV) 

b. Polygynous = h ' +w+o P 

c. Polyandrous = h+w ' +c P 

d. Group marriage = h+w+c P 

e. Partiarchal = h ' + "~ rc : (w+°)p 

f. Patrilineal = h ' : C P 

g. Matrilineal = w ' : C P 

h. Endogamous = h P, : rP, 

i. Exogamous = h 'P, : W 'P„ 

j. Widow and children = W ' +C P 

k. Orphans = °P 

l. Childless couple = k ' +w 'P 

m. “ Only-child” family = h ' +w ' +c 'P 

n. Second wife and step-children = k'+fw'+c'+c'O'p 

o. Step siblings = c ' +e "P 

p. Relatives = r P 

q. Divorced couple = h ' -w 'P 

(i.e., husband and wife subtracted) etc. 

The previous example develops what is merely a symbolic 
notation for family structures. In itself it gives no insight into 
family relationships. As is the case with all symbols, their func- 
tion is more to make objective and communicable the product 
of the intuition, the insight, or the ingenuity of the investigator. 
It is useful in that a clear, communicable statement of the known 
sharpens the unknown and the direction of research. 

This function of symbols to give clear-cut expression to findings 
may be pointed out in the following example of a study of the 
probability of divorce in the United States. (Ref. 9.) For the 
period and the plurel studied ( t | P 0 the probability of divorce of a 
married couple with one child was 8%, and was roughly cut in 
half by each subsequent child. This principle can be stated in 
the equation: 

% P = .08(.5^) ± (Eq. 15, Ch. IV) 

where % P is the percent of the married that are divorced, and c is 
the number of children as above. Thus three children would cut 
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the probabilities of divorce to 2 %, and four children would cut 
it to l r 7> Within the limits of the approximateness denoted by 
the plus-and-minus sign in the situation (and more accurately 
measurable by a sigma), this equation may be used for prediction. 
An actuarian could refine this formula and base insurance upon 
it. The equation gives no insight into the causes of divorce or its 
consequences. It simply crystallizes in a form usable for rough 
prediction (which is a major function of science) a net effect of 
whatever causes may have been operating. The pioneering, quali- 
tative, insight -guided research into societal phenomena must go 
first and yield data which statistical technics and syst ema tic 
symbolism, such as this S-theory, then take over to objectify, 
verify, and put to standardized use. Qualitative research must 
always precede quantification. Quantitative research then re- 
fines and verifies qualitative findings. 

(For fuller discussion of creative vs. confirmatory functions 

of symbolism and statistics see such studies as in Refs. 31 45 
and 59.) ’ ’ 

For a fourth example of the use of population scripts, consider 
the expression of findings, or principles, emerging from a study 
of the effect of foster homes on the IQ’s of adopted children 

(Ref. 26).^ Using cross-scripts and anticipating the notation of 
Chapter X dealing with temporal change : 



p | = adopted children 
I = IQ 

t| = periods of time 


"I = siblings 

*1 = a specified age 

tl = being a change 


of IQ in time 

= a g a bi — t I = a loss 

+ ana — in scripts denoting positive and 
negati\ e deviations from the mean, i.e., 
abo\e and below normal respectively 


The findings were : 


a * +t % children in foster homes gained in IQ 

b p T . p T • . (Eqs. 16a-e, Ch. IV) 

. t i+ p > t i_ p , i.e., children m superior foster homes gained 

more in IQ than children in inferior foster 
homes 
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c. p> t'I < P< JT, he., children who were over the average 

age of adoption gained less in IQ than 
under-age children 

d. P T P • p/, I P = .5, i.e., siblings in the same home showed a 

correlation of .5 in their IQ’s 

e. P 'I P • p "Iq = .25, i.e., sibhngs in different homes showed a 

correlation of .25 in their IQ’s 

Instead of writing equations b and c in ordinal terms of greater 
or less than ( > , < ) , they could be stated more exactly in cardinal 
terms as an equality with the numerical amount of the difference 
brought in to equalize the equation and with the qualifying “plus 
or minus the standard error of the difference” (=fccr d ). 

For a fifth, neat, and simple example of populational descripts, 
note the usual classification of sociological observation by scope 
into case studies, surveys of samples, and censuses of a whole 
population. These mean observing one person, a class-interval 
of more than one person and less than the whole population, and 
a specified whole population, which are denoted by each of the 
three descripts, respectively, in the formula 

'P, = a case, a sample, and a whole population 

(Eq. 17, Ch. IV) 

7. THE GEOMETRY OF THE POPULATION SECTOR , f T v 

In interpreting the population sector and its dimensions in 
geometric terms, there is little to be added to the general exposi- 
tion in the preceding chapter. 

A population, presented in an S-situation as an aggregation of 
plurels, is representable as a sheaf of vectors, each plurel being 
one vector. See S. 35, Ch. II for a diagram of such a sheaf of 
vectors in n-space. In a hierarchy of plurels the lowest degree 
(i.e., smallest plurels written farthest to the right in the plurel 
script) are vectors. The next higher degree is a sheaf, the next 
higher degree is a sheaf of sheaves, etc. The successive degrees 
of sheaves from the largest down may also be thought of as suc- 
cessive subsectors dividing up the population sector. A popula- 
tion that is presented in a given S-situation as a sum of plurels 
is the sum of the vectors, i.e., the resultant vectors. 

The class-interval script is represented by a fine-sect or scalar 
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unit of length along a population vector. A person is the smallest 
unit of length on a population vector, i.e., the midpoint of the 
unit length representing a person. The square of a population, 
P 2 , as in the interrelation matrix, may be geometrically repre- 
sented by two vectors. 

In brief then, the vectorial formula for the sector is : 


number of _ — 

points (persons) j ~ p p 


P 


= exponent 

= number of units of length (persons) 


number of 
line-sects 


= p p = number of vectors (plurels) 

the vectorial populational sectoral formula 

(Eq. 18, Ch. IV) 


The number of dimensions in the population sector of a de- 
fined situation is given by the sum of the plurel scripts. 




> , or simply 2s = the number of populational di- 
i mensions 


(Eq. 19, Ch. IV) 


Thus, for example S. 2, Ch. IV has six dimensions, as it has 
six plurels or population components. S. 5, Ch. IV has fifteen 
dimensions, as there are fifteen small circles representing the 
lowest degree of plurels. S. 8, Ch. IV has ten dimensions; S. 10, 
Ch. IV has eighteen dimensions; S. 11, Ch. TV has eight dimen- 
sions (a rural and an urban sheaf, each of four vectors repre- 
senting the four polygynous plurels of 1, 2, 3, or 4 wives). 


VI. S-SITUATIONS 

A sample of twelve situations is presented here to represent 
the data from which the formulae of this chapter were induced 

and to illustrate these formulae as applied to quantitatively 
recorded situations. 
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S. 1 



Ref.: Mengenbilder und Katogramme, Gesellschafts und Wirtschaftsmuseum in Wien. 


Descriptive formula: Si = P p Quantic number = 0;0;0;1 

Legend: 

Si = The situation classified into 

t 

records | p = 9 religious plurels 

P = the population of the world 
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AMERICAN CASUALTIES IN THE WAR 



dudfr, ^TTH sT 1 *. ° f if 16 ? 03 - 11 ™ y laities give a total of 302,612, in- 

ties Th7a.lt r f th*' T f hedla ? ram above shows the nature of these casual- 
ties me area of the outside circle represents the entire 302,612 The inner 

Z t,Tn^ nt£ the 77 ’ U 1 S deaths > and » is sub-divided to indicate the pro- 

d Ctl rT’ W0UIuls ’ and 1116(1 of disease - with a fourth 

cwf n nn .ht fili 7 T Cldent ’ Owning, suicide (272), murder or homi- 
cide (lo4), unclassified or unknown causes, and the ten executed bv sentence 

wounded the 4 fi 4 sn ^ presea if, ^ the other casualties— the 91,189 slightly 
of°whorn ' 4 27 A K 4 wounded degree undetermined,” the 4,432 prisoners, 
of whom 4,270 have been repatriated, and the three men mining L action 


Sef.: Surrey, Vo!. XLIII, No. 17, Feb. 21, 1920, p. 617. 

Descriptive formula: Sj = P„. 

& 


p:q 


Quantic number = 0;0;0;1 


P = 


Hie situation 

records 

The U. S. World War casualties 

* 

in 


p = 3 classes 


U = 


deaths 
wounded 
severely 
% other 

with 

4 subclasses of deaths 
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Comment on notation : 

1. The irregularity of classification is illustrated in this situation in that only 
one of the three main classes is subclassified. The value of | q corresponding to 
the two other plurels | p /» and | p *» is zero, i.e., (| p ^, | p ^) : | q = 0. 

2. Note that, as usual, the population is an implicit product of the three 

attributes, “American” and “casualties” and “of the World War,” with a pure 
population, i.e., = P| l . 

S. 3 


HOW THE 

SOCIAL SECURITY PROGRAM 
IS ADMINISTERED 


SOCIAL 

SECURITY 

BOARD 


CHILDRENS’ 

BUREAU 

u.S.OepV oHobor 


PUBLIC 

HEALTH 

SERVICE 


OFFICE OF 
EDUCATION 


l/ritf icr 0 * M rWc* 



Ref : S ow the Social Security Program Is Administered , Pictorial Statistics, Inc.. Social Security 
Board, Washington, D. C. 
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Descriptive formula: S 3 = P p:q 

Legend: 

S* = The situation 

records 

P p = 4 government agency plurels 
(population indefinite) 


Quaniic number = 0;0;0;1 

: = each having corresponding 
| q = dependent plurels. 


Comment on notation: 

Usually with plurels, the colon connotes subclassification in the sense of 
breaking a population up into smaller plurels. The present situation in which 
the colon means subclassification in the sense of jurisdiction or clientele is 
unusual. 


S. 4 


WASTES IN CONSUMPTION 


1. The military establishment. . 

2. The opium and cocaine traffic 

3. The drug traffic 

4. Distilled spirits 

5. Prostitution 

6. Crime — criminals 

— watchers of criminals 

7. Adulteration 

8. Speculation and gambling . . . 

9. Quackery 

10. Super luxuries and fashions . . 

11. Commercialized recreation . . . 

12. The overhead services 

13. Advertising 


Estimated Man-Power 

Total Wasted 

1,500,000 1,000,000 

unknown total 

400.000 100,000 

unknown total 100,000 

250.000 150,000 

320.000 200,000 

400.000 200,000 
unknown total 
unknown total 
unknown total 

6 , 000,000 
unknown total 
unknown total 
600,000 250,000 


Total minimum wasted man-power 

Chase, Stuart, The Tragedy of Waste, The Macmillan Company, 1925 , p. 106 . 


8,000,000 


Descriptive formula. S 4 Pp :q Quaniic number — 0 ,‘OjOjl 

Legend: 


S 4 = The situation 
records 
P = man power 
in 


P = 2 plurels 


f total 
and 
wasted 

in each of 

Iq = 13 occupational plurels 
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S. 5 



Ref.: Kroeber, A. L., Anthropology, Harcourt, Brace and Company, 1923. 


Descriptive formula: S 5 = P p:q 

Legend: 

S 5 — The situation 
records 

P = the population of the world 
classified into 


Quantic number = 0 ; 0 ; 0;1 
r Eurasia, 

| p = 4 continental America, 
plurels 1 Africa, in- 

^ between 

and subclassified into 
1 4 = the chief races, 15 in all. 











230 


THE POPULATION SECTOR, gPg 

S. 6 


[Pt. Ill 



Ref.: Pfiffner, John M„ Public Administration , The Ronald Press Company, 1935, p. 36. 


Descriptive formula: S 6 = Pp> :q ;r 

Legend: 

Si = The situation 
records 

•\ • = a hierarchy of plurels 

with 

P p * = the electorate at the top 


Quantic number = 0;0;0;1 
with 

| q = the Commission and its 5 
Departments subordinate 

and 

| r = sub-Departments under them 
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S. 7 


AMERICAN MANPOWER WD THE INDUSTRIAL FLOW 

42., 000,000 WORKERS - CENSUS 1920 



Ref.: Chase, Stuart, Tragedy of Waste, 1925, p. 22. 
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Descriptive formula: St = P P ' q-.r 

Legend: 

S? = The situation 
records 


P = the U. S. population 


divided into 


| p = 3 economic 
plurels 


( extractive 
producers 
i mfg., dis- 
tributing 
and service 
producers, 

{ consumers 


Quantic number = 0;0;0;1 


subdivided into 


q — 6 subtypes 


'mining, farms, 
forests, trans- 
port, mfg. and 
k selling, overhead 

and 


| r = 3 further subtypes — mfg., 

wholesalers, retailers. 


Comment on notation: 

The date should be included in the formula, but until the time sector and its 
scripts are discussed further on, it is omitted here for simplicity of exposition 
in developing one sector at a time. 
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S. 8 


TECHNOLOGICAL DISPLACEMENT 

In These Industries Operator and Machinery Do the 

Work of So Many Men 


t 


MACH V N o E oLt + Tf= 


LUMBER 


WINDOW 




t+ffl = TTTTTTTTTTT 


t 


GLASS I + U = 


* 


mtttt tttttt mtttt 


GARMENT 

CUTTERS 


PETROLEUM 

REFINERIES 


GLASS 


ELECTRIC 

BULBS 


CIGARETTE 

WRAPPING 


A 
tA 
»A 






nmmmmmnmm 
mtmmmnmm 

BOTTLES l + 88 = mntm 


bmmmmmMmw w 
mwbmMmmmmM 

* +***±*4 »♦ ■ »♦♦♦»♦♦♦»» » »» ♦ * 
♦♦♦ ♦ ♦ ♦ * ♦♦ » ♦♦ ♦♦' »*♦ . *♦ . *' ***** 
»»»♦»»»♦♦ ♦♦»♦♦♦♦ 4,44 4 444 *4- 


A Multiple Unit Bar Chart 


Ref.: Arkin, H. and Colton, R. R., Graphs: How to Make and Use Them. Reprinted by permission 
of Harper & Brothers, 1936, p. 104. 

Quantic number = 0;0;0;1 


in each of 

p = 8 industrial plurels 


n 


compared with 

= the one worker replacing them 


Descriptive formula: Sg = /J P p 

Legend: 

Sg = The situation 

records 

P = the number of displaced work- 
ers 

Comment: 

The simple equation above describes the message of the graph, which is to 
show the number of displaced workers by industries. The situation’s implications 
may be better analyzed and written in a “calculative” equation as follows: 

| CP X I°)I = P M I [i 

where 'P is the single unidentified worker with the machine, 1°, of each of 8 
kinds, |i. The equation requires a common unit which is implied in the term, 



THE POPULATION SECTOR, gPg 


[Pt. Ill 


“the work,” in the caption, meaning the amount produced. Let this amount 
produced by the machine and its one worker (in units appropriate to each in- 
dustry) be "the indicant I, and the former mean or per capita production be 
denoted by M I. Then the left-most member of the equation represents the total 
production of the machine and its one worker which equals the right member 
representing the total production of the P displaced workers without the machine. 
Whether such equations are sterile statements of these relationships, or whether 
they can be fruitfully manipulated so as to increase precision in thinking, or to 
reformulate problems for further investigations, or to suggest generalizations, 
or to reveal further unsuspected relations, is a methodological question not yet 
fully explored. 

S. 9 


WHAT PERIODICAL MEDICAL EXAMINATION DISCLOSES 

Percent of specified defects found 
among' 17,000 adult white males, 1921. 

p PEBCENT FOUND ' npironni PERCENT FOUND 

* WITH SPECIFIED DETECT UrJ! Hil-rl WITH SPECIFIED DEFECT 

'■ _ 9 a ka I I i | I I I I I Chronic skin infection 10.4HBB 


WITH BJPECll 
Underweight , , L 

more than 20% H 

Overweight L 

more than 29 % “* s r 

Heavy dentistry** „L 
X-ray advised 

Defective visoon 1 

Corrected 25.41 

Uneorrected 29-51 

Enlarged, septic or) 
buried tocsila ) f 
Frequent colds 17.71 

Defective hearing 15.41 

Headache 15.41 

Hemorrhoids 12 ft p 

Low blood pressure UL21 
( 15 or more MM. Hg. {_ 
below normal) 0 


High blood pressure 
(20 or more MM. Hg. 7.2 
above normal ) 

Moderate or marked) R _ 
arterial thickening / 6,2 

Ingninal hernia 5.1 

Prostate gland(enlar- „ q 
ged.hard, tender, boggy) 0 
Sugar (trace or «g 

marked amount) u 

Albumin in urine 
(definite trace or 3.1 
marked amount) 

Neoplasm (benign & 07 

malignant) CA 

Tenderness in region 
of appendix 2 ** 

Organic heart mormor 1.0 


10 15 20 25 30 35 40 45 



10 15 


The early recognition of remediable physical defect or of wrong hygienic habit is the first 
step in tiie reduction or postponement of serious breakdown later on in life. 

PERIODICAL MEDICAL EXAMINATION IS THE “OUNCE OP PREVENTION" 


l erome ’ and Barne9 ’ Harry E., An Introduction to Sociology, D. C. Heath and Company, 
ia27, p. 757. Courtesy of Louis I. Dublin, Metropolitan Insurance Company. 

Descnptiie formula: Sa = %P p Quantic number — 0;0;0;1 

Legend: 

Ss = The situation in eac h of 

records | P = 21 defective plurels 

%P = the percent of 17,000 white 
adult males 

Comment: 

Tte percentages of subnormal persons define the “minimals” (i.e., social 
problem plurels) m these 17 characteristics of health. 

Comment on notation: 

on utted in the descriptive formula for simplicity, 
until the temporal notation is studied in later chapters. 
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S. 10 


FEMALES 


MALES 

38,077,804 



M 



GROUPS 


PER CENT OF TOTAL 


MALES FEMALES 


I. PROFESSIONAL WORKERS, PROPRIETORS, AND OFFICIALS 


PROFESSIONAL 3*9 

AGRICULTURAL I5.I 

commercial, etc. 9 o 



II. CLERI CAL, SKILLED, AND SEMI-SKILLED WORKERS 


(£553 CLERICAL AND KINDRED WORKERS 

12.8 

SKILLED WORKERS AND FOREMEN 

16.3 

SEMI-SKILLED WORKERS 

143 

ITL UNSKILLED WORKERS 


135 

2-4 

2.2 


28.6 
08 
2 3.5 


AGRICULTURAL LABORERS 
OTHER LABORERS 
I SERVANTS, ETC. 



98 

6.0 

16.0 

15 

2.7 

21.5 


Gainful Workers of the United States, Males and Females, 1930, Classified by 
Social-Economic Groups. Data from Edwards, 1933, “ A Social-Economic Group- 
ing of the Grainful Workers of the United States/’ Journal of the American Sta- 
tistical Association , Vol. 28, p. 385. 


Descriptive formula: Sio = %P P : q : r 

Legend: 

Sio = The situation 

records 

P = the U.S. employed population 

divided into 
| p = 2 sex plurels 

and 


Quantic number = 0;0;0;1 

| q = 3 occupational plurels 

and 

| r = 3 occupational subplurels 
expressed in 
%| = percents 


Comment on notation: 

1. Note that the colon usually, in the population sector, denotes subclassi- 
fication in the sense of breaking up a plurel into its constituent plurels. 

2. The situation is a matrix of the third degree as denoted by its 3 multiple 
aggregative scripts. It has 18 dimensions (p X q X r = 18), the number of 
its qualitativelv different plurels. 
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S. 11 0 Continued ) 


Descriptive formula: Su = p^qCP^P,, 1 ) 

Legend: 

Su — The situation 

records 

polygynous ratios of 
P, = wives 
P^ 1 = per husband 

in 

p | = 4 class-intervals (1, 2, 3, 4) 


Quantic number = 0;0;0;19 

: = to each of which 

corresponds 

q| = the number of such families 

in each of 

| p = 2 density plurels (“rural” and 
“urban”) 

M >| = and the mean ratio is also 
stated 


Comment on notation: 

1. In this situation distributing plurels by size, the typical form of the class- 
interval script is p: 2 qP, where p | = the aggregation of family sizes, i.e., families 
of 1, 2, 3, 4, etc., persons, and sq| is the number of families corresponding to each 
size. Here, however, the families are listed by individual identifying numbers so 
that they are an aggregation, q |, and not a single frequency number. 

2. Note that the population ratio, not being of a part to a whole, requires 
writing both numerator and denominator explicitly. The populational quantic 
number, 19, classifies the situation in the primary population middle stratum 
of the quantic solid (S. 33, Ch. II). 


S. 12 


RESPONSE OF THE FOUR GROUPS ON TEN ITEMS 
“ One’s character may he read from the fines in the hands.” 


Juvenile prisoners 37 % 

Adult prisoners 15% 

Policemen 7 % 

Superior adults 0% 

“ One should never fully trust a lawyer.” 

Juvenile prisoners 60% 

Adult prisoners 77% 

Policemen 37 % 

Superior adults 2% 


Ref.: Lewerenz, Alfred S., “Attitude Differences of Contrasting Social Groups,” Sociology and Social 
Research, Vol. XVI, June, 1932, p. 555. 


Descriptive formula: S 12 = I ? : %Pp 

Legend: 

S32 = The situation 

records 

I? = 2 statements of attitude 
with a corresponding 


Quantic number — 0 ;0;0;1 

%P — % of endorsers 
in each of 
| p = 4 plurels 
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Comment on notation: 

1. The attribute symbolizing the statements of attitude is written explicitly 
because it is a second attribute. The first attribute, representing the qualitative 
characteristics defining the four plurels, has been multiplied by the “pure” 
population, giving an attribute-population product in which, as usual, the im- 
plicit attribute is denoted by the descripts on the population index. 


VII. NOTES 


1. The operation of division can be denoted mathematically by a negative 
exponent : 

P,/P, + „ = P7 1 P7+„ = %P (Eq. le, Ch. IV) 

This denotes a population of persons, P, in number, expressed in units of a 
more inclusive population of persons, P, + „ in number. (See S. 9, 10, 11, and 12, 
Ch. IV, for examples.) A death rate expressing the ratio of the number of per- 
sons dying to the number of persons in the population; a percentage of persons 
possessing some characteristic in a population, are examples. The minus ex- 
ponent, denoting a divisor, never exists alone in a situation. As the combination 
of the exponents of minus one and plus one merely changes the units in which 
the population is expressed, the ratio is practically the same as a simple primary 
index, so that the quantic digit is considered to be 1. But, if the ratio is between 
two different populations, as in a fertility ratio of babies per mother, the plus and 
the minus exponents are recorded by the digits 19 in the quantic number Thus 
the quantic number of a situation 


with a P in it is e;e;e;0 

p+i 

e;e;e;l 

p—r 

e;e;e;9 

p-H 

e;e;e;19 

fH-2 

e;e;e;2 


} nullaiy 

\ 

■ primary 

i 

} secondary 


(Eq. 2a, Ch. IV) 
(Eq. 2b, Ch. IV) 
(Eq. 2c, Ch. IV) 
(Eq. 2d, Ch. IV) 
(Eq. 2e, Ch. IV) 


Digits of 1, 9, and 19 in the quantic number all denote subvarieties of a primary 
index. 

Digits of 2 and 8 in the quantic number denote subvarieties of a secondary 
index. 


2 . “Cross-scripting” consists of describing an index in one sector by 

of a script from another sector. The resulting compact “ Brief-S ” formulae 
are treated in full in Chapter IX. 

3. This concept of a descripted P seems to the author to be much the same 

as the concept of “the situation self,” developed by Eubank (Ref. 25 p. 106) 

as the person with those of his characteristics that are involved in a riven sit- 
uation. & 

4- The term “degree” for the successive strata levels, or orders of a classi- 
fication, is used as having fewer undesired connotations. The term “orders” 
is pre-empted in matrix algebra to mean the number of rows and columns in a 
matrix. Thus a matrix of 4 rows and 3 columns is said to be of order 4X3. 
Such a matrix has but two “degrees,” i.e., the rows and the columns. If it had 
sagittal arrays, it would become a third-degree matrix, as, for example, one of 
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order 4X3X6. “Strata” and “levels” depend upon viewing the classification 
in the form of the diagram above. They also have evaluative connotations of 
caste and social class in sociological usage. 

“Degrees” are identifiable with “subsectors,” but “subsectors” connote co- 
ordinate entities as well as superordinate-subordinate entities. The term “di- 
mension” might be extended to include these “degrees,” but then “dimension” 
would denote both indices and groupings of indices, vectors, and sheaves of 
vectors, and confusion would result. To symbolize the concept of degrees : 

Let | sa = the number of degrees in all sectors (Eq. 5a, Ch. IV) 

and | ss = the number of degrees in one sector (I') (Eq. 5b, Ch. IV) 

Thus in Eq. 4c, Ch. IV above, since four letters are written in the class script, 

| ss = 4. This number of degrees of the matrix (and strata of the hierarchy also) 
should not be confused with the total order of the matrix, described in the pre- 
ceding chapters, J| 8 . 

5. A list of adjectives is comparable to a product of several attributes, such 
as “American, gainfully employed, male, unskilled, agricultural persons,” in 
S. 10, Ch. IV, and would be symbolized in the condensed notation as: 

P P 'q'r"s' = a product of five factors which are four attributes and the plurel 
they characterize. (Eq. 6, Ch. IV) 

This illustrates how qualitative entities are multiplied together. This is com- 
parable to what logicians call “the logical product” (Ref. 80). If the frequency 
of occurrence in a population of each attribute-adjective were known and ex- 
pressed as a proportion of the frequency of its occurrence plus its non-occurrence, 
it would be the probability of that attribute. The product of several such prob- 
abilities is their joint probability or probability of simultaneous occurrence. 
The product of several attributes is such a joint probability in the incipient 
stage before the frequency of the characteristic, which the attribute represents, 
has been observed. The attribute concept thus helps to bridge the gap between 
verbal and literary descriptions and mathematical ones. It defines an opera- 
tional stage of observation which is more precise than the verbal adjective, yet 
not as precise as the ordinal, cardinal, and calibrated quantities outlined in our 
theory of measurement in Chapter III. 

6 . The obverse question of when the population is implicit and when it is 
nul is more difficult, as there are borderline situations, and the writing or not 
writing of the P explicitly changes the quantic cell into which that situation is 
classified. The rule is to write the P explicitly if the number of persons or plurels 
is asserted (from actual observation, or as a theoretical proposition) . But it is 
often difficult for the analyst to decide whether an enumeration or canvass is 
essential when some plurel is referred to, or only implied in the situation as 
presented. For concrete cases consider the following situations in which the 
present author and his assistants analyzed the P either as explicit or nul, but 
with which another analyst might not agree: 

P explicit— S. 19, Ch. II; S. 6 and 7, Ch. VII; S. 11 and 13, Ch. 8 
P nul — S. 4, Ch. Ill; S. 4, 17, and 19, Ch. VTII 
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A further research studj 7 might develop a scale for rating the explicitness- 
implicitness of the population index in borderline instances and so define the P 
more objectively. 

7 . (a) The family, or domestic group; (b) the economic, or productive group; 
(c) the state, or sovereign, governmental group; (d) the church, or religious group; 
(e) the school, or educational group; and (f) the play, or socio-recreational group; 
and (g) others such as : caste, class, crowd, gang, mob, party , public, and sect. 

8. Cooley’s we-groups and they-groups, and in-groups and out-groups gener- 
ally, Miller’s vertical and horizontal groups, the social classes, castes, and many 
other classifications which are basically defined by people’s attitudes towards 
each other, can be more precisely defined by indicators of attitude between 
persons and plurels, such as social distance tests, invitations, memberships, cos- 
tumes, etc. All of these involve F in the quantic formula and, therefore, belong 
in Chapter VII. 

Pri mar y or face-to-face groups vs. secondary groups involve criteria of spatial 
proximity and frequency of recurrence of contacts in time and will, therefore, 
be deferred till the L and the T components have been discussed. 

The reader should realize that this separation of the phenomena of plurels 
generally, and of groups more narrowly, into different parts of this book is a 
consequence of necessities of exposition and is not involved in the quantic classi- 
fication. In the quantic solid (see S. 33, Ch. II) they all occupy one contiguous 
region with subcells, depending on whether interrelation, spatial proximity, or 
dynamic processes are involved. But exposition unfortunately has to be “linear,” 
proceeding sentence by sentence, page by page, chapter by chapter, in some 
orderly route through any complex of phenomena. For pedagogic and logical 
reasons we have chosen the route of proceeding from sector to sector, cumula- 
tively studying situations with more and more sectors, until only at the end, 
with the exposition of all the four sectors completed, is the student equipped to 
turn around and deal with any and all situations regardless of what their com- 
bination of explicit and nul indices may be. 

9. For other examples, see S. 27 and 33, Ch. VI; S. 36 and 73, Ch. X; S. 8 and 
27, Ch. XI. 


q£p — a population of j p plurels, each measured by subplurel | q as units 

(Eq. 11a, Ch. IV) 

«$qP p = & population of | P plurels in each of which there is a percentage of plurels 
of the kind |, (Eq. 11b, Ch. IV) 

10 . Some refinements of the person script for typical persons, and other special 
notational uses, are: 


P 

p p 




•P = 
P = 


a number of persons (Eq. 12a, Ch. IV) 

an aggregation or list of persons, p | in number, an array of a matrix 
with a person in each cell (see S. 4, Ch. X) (Eq. 12b, Ch. IV) 
a population expressed in percentage units (Eq. 12c, Ch. IV) 

in addition to a number of persons P, specified persons, p |, are 
sorted (Eq. 12d, Ch. IV) 
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P/ P or 'P = a single identified person (see S. 10 and 15, Ch. II; S, 9, Ch. IX; 

S. 23, Ch. XI; S. 24, Ch. XII) (Eq. 12e, Ch. IV) 

-P = a single unidentified, i.e., typical, person (see S. 31 and 46, Ch. X) 

(Eq. 12f, Ch. IV) 

p -P = in addition to a population P, certain typical persons are specified 
(see S. 24, Ch. II; S. 14, Ch. X) (Eq. 12g, Ch. IV) 

' ; P = in addition to a population P, a certain identified person is specified 
(see S. 3 and 4, Ch. VII) (Eq. 12h, Ch. IV) 



Chapter V 

DISTRIBUTIONS, I; P 
7 . DISTRIBUTIONS OF INDICANTS 

A. List vs . Frequency Distributions of Persons and Plurels 

A plurel was defined as the product of an attribute and a 
pure population, i.e., a qualitatively characterized number of 
persons. A societal distribution may be defined as the prod- 
uct of an indicant (or, more generally an index) and a population, 
i.e., a population whose parties are characterized by quantities of 
some quality. As the first operational step in compiling a distri- 
bution is to observe for every person his corresponding quantity 
of some characteristic, the simplest type of societal distribution 
is a list of persons, each with the number of his I-units, of some 
indicant. 

When the list has been compiled, the next step is to rearrange 
it into a frequency distribution showing the number of parties at 
each class-interval of the indicant. 

J : P = a frequency distribution of persons (Eq. la, Ch. V) x * 

B. Moments Defining the Types of Distributions 

Any societal situation whose quantic formula classifies it as a 
distribution has properties which are best s umm arized by con- 
sidering its dimensions as given in the form of the statistical 
moments. For any specified distribution of parties in some char- 
acteristic, the first question is as to the size of the population 
distributed. The second question is as to the representative or 
average amount of that characteristic in that population. The 
next question asks the amount of scatter of the parties on either 
side of that average. Just how accurately does that average repre- 
sent all the individual parties in the distributed population? A 
fourth question is as to the lopsidedness or asymmetry of the 
scatter of the distribution. Are the parties more widely scattered 

* For Eqs. lb— 6, Ch. V, see notes at end of the chapter. 
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or dispersed on one side of the average than on the other? These 
four questions determine the properties of population, central 
tendency, dispersion, and skewness of a distribution. 

Among the various indices measuring central tendencies, dis- 
persion, and skewness, the most useful and standardized indices, 
derived from the successive statistical moments, are defined as 
follows : 


21+ip-i = M 


2 i°p-i = 1 = zero-order moment, the unit-popula- 
tion, or unit-area under the distribution 
curve (Eq. 7, Ch. V) 

= the first-order moment about zero, the 
arithmetic mean, the best single index 
to represent the whole distribution 

(Eq. 8, Ch. V) 
= the second-order moment about the 
mean ( d I = units of deviation from the 
mean = i-M I) the variance, or standard 
deviation squared. <j, sigma, is the best 
measure of dispersion (Eq. 9, Ch. Y) 


2 d i+2p-i = a-2 


2 e I +3 P _1 = Vft = Ski = the third-order moment about the 

mean, in standard units, „I = d I/<r, Ski 
is a measure of skewness. Pearson’s ft 
is a criterion of the shape of the distri- 
bution curve (Eq. 10, Ch. V) 

ST 4 ? -1 = ft = the fourth-order moment about the 

mean in a units, a measure of kurtosis 
(peekedness) and a criterion of the type 
(i.e., shape) of the distribution curve. 2 * 

(Eq. 11, Ch. Y) 


1. The Dimensions of the Moments 

The “orders” of these indices are specified by the indicatory 
exponent. Thus, the mean is a dimension to the first power, the 
variance is a dimension squared, Ski is a dimension cubed, etc., 
as shown by the positive exponent, | i=3 The square of a dimension 
is geometrically represented by a line and a normal (perpendicu- 

♦For Eqs. 12a-13, Ch. Y. see notes at end of the chapter. 
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lar) to it ; the cube by combining a normal with the plane of the 
other two, etc. Thus, raising a dimension to a power means 
utilizing as many dimensions of space as there are units in the 
exponent. The number of dimensions in a situation is stated by 
the class script for the vectorial dimensions and by the exponent 
for any additional normals or exponential dimensions, as they 
might be called. The variance of an index, area, and volumes 
of length are the commonest examples. These can be shown to 
be special cases of the general scalar product of vectors. They 
are correlation of an index with itself in statistical terms, or the 
scalar product of a vector with itself in vector terms, or a dimen- 
sion squared in terms of dimensions. 

The formula for a distribution has two dimensions. Its positive 
quantic digits which are the exponents, add up to two (I +1 ; P+ 1 ). 
A two-dimensional surface is required to graph a distribution. 
The indices describing the distribution range from one dimension 
up, with decreasing usefulness for the higher dimensions. The 
indices of the first and second dimensions, e.g., the mean and 
sigma, are the most useful and the most used. In the Quantic 
Table, Chapter II, arrays are shown only for 1°, I +1 , and I +2 , I+ 3 
measuring skewness, I +4 measuring kurtosis and higher orders 
are still rare in the sociological literature and are therefore omitted 
in the table, though place for them is provided and they can be 
inserted whenever needed. 

C. Averages and Norms 

The arit hm etic mean includes all data expressed in uni ts per 
capita or per plurel. It includes all percentages since these are 
but means of all-or-none indicants. (See Eq. 17, Ch. III.) It is 
the index representing the amount of a characteristic of a plurel, 
just as an indicant represents the amount of a characteristic of a 
person. 4 In all comparative work in Anthropology and Sociology 
the characteristics of plurels may be compared by noting the 
difference, or sometimes the ratio, of their means. For value 
indicators the mean is one norm (an ethical standard). 

Persons near the mean in some characteristic are “ normal. 5 * 
Extreme deviations from the mean define the “abnormal.” The 

mean of value indicators is thus seen as a most important socio- 
logical measure. 



Ch. V] 


DISTRIBUTIONS, I; P 


245 


D. Dispersion 

1. Relation to Probability 

The standard deviation, also called sigma (cr), is a point on 
the indicant scale, “"I, which is conventionally standardized as the 
best general index of dispersion, or scatter, of the parties on both 
sides of the mean. It has many sociological uses. In the normal 
distribution it is that deviation from the mean which includes 
one third of the population. Thus, two thirds of the population 
are characterized by an amount of the indicant which is within 
plus or minus one sigma. In S-theory cr is taken as defining the 
limits of the “normal” part of a population in a distribution. 

±*+Ml .p = ggp _ definition of “normal” persons in a 

normal distribution (Eq. 14, Ch. V) 

(See S. 44, Ch. X, for a table of such norms for a set of intelligence 
indicants, and S. 12, Ch. V, for a graphical meaning of sigma as a 
deviation from the mean.) 

For any person taken at random from a normal distribution 
this defines the probability of his being a normal person, i.e., the 
chances in a hundred of his having an amount of the distributing 
characteristic which is between one sigma below the mean and 
one sigma above the mean. More refined probabilities of a person 
reaching, exceeding, or being between specified points of the indi- 
cant are given by the table of the normal probability distribu- 
tion. 5 * 

2. Relation to Reliability 

A major use of this interpretation of sigma in probability terms 
is in expressing the reliability of any sociological index. Such 
indices are calculated from samples of an actually or conceivably 
more inclusive population, called “the universe sampled.” If 
repeated samples of a given size, P, are taken, their indices will 
show a fluctuation which is called “sampling error.” The extent 
of these fluctuations is measured by the standard deviation, a, 
of the distribution of that index in a population of very many 
samples. This a is called the standard error. Every statistical 
index may have a standard error calculable from a formula. 

* For Eq. 15, Ch. V, see notes at end of the chapter. 
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Scientific “good manners” require that, when indices are stated 
in any study, the standard error of those indices be reported as 
this measures the degree of unreliability of those indices as far as 
sampling error is concerned. For given amounts of standard 
error the corresponding probabilities of their occurrence may then 
be read from the table of the probability integral. Many socio- 
logical studies would be more accurate if scientific etiquette in 
this respect were observed. 1 2 3 4 * 6 * 

3. Relation to Comparability of Units 

A corollary of the standard deviation being a unit of the indi- 
cant, which is convertible into units of probability, is that the 
standard deviation thus becomes a common unit by which differ- 
ent kinds of indicants can be compared, averaged, correlated, 
etc. Thus, different characteristics of individuals or of plurels, 
which are expressed in a great diversity of units, can be re- 
expressed in sigma units of the same or of a standard population. 
This makes possible such comparisons, or predictions, as : 

1. John is more intelligent than he is musical, i.e., his IQ in 

sigma units is greater than his Seashore test score in sigma 
units. 

2. City A has a Department of Public Health which is more 
efficient by .7cr than its Department of Education, i.e., each 
department is rated by one of the existing elaborate and 
well validated scales, and its score converted into sigma 
units in a distribution of many cities. 

3. The interest of Plurel A in foreign missions exceeds its inter- 
est in local government by .2(7, but is less than its interest in 
reading by .3 <r, i.e., taking as indicators of these charac- 
teristics dollars per capita given to missions annually, per- 
cent of voters voting, and number of books per capita bor- 
rowed from free public libraries, and finding the distribution 
of each indicant in some common population of plurels, the 

indicants of Plurel A expressed in sigma units can be quanti- 
tatively compared. 

4. Hottentots excel over Zulus by 15 I-units in characteristic x, 

but this observed difference is not significant, i.e., it is only 

* For Eqs. 16&-d, see notes at end of the chapter. 
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.67 times its standard error 7 * and so might occur by fluc- 
tuations of sampling 50 times in 100. 

5. In a population comparable to the U.S. army draft of 1917, 
men with an intelligence rating one sigma above the mean 
will have a most probable fertility of x children. (See S. 35, 
Ch. VI.) 

6. Under conditions as in the United States from 1860 to 1910, 
the notables per 100 persons born in a State may be pre- 
dicted from a knowledge of, (a) the population density, (b) 
elementary education, (c) capital per square mile, and (d) 
coolness of climate, with 96% of determinateness, i.e., the 
multiple correlation coefficient between notables and the four 
environmental conditions is .98. 8 

These and thousands of similar comparisons, measurements, 
and predictions have become possible through the invention of a 
standard unit of dispersion such as sigma is. There are other 
units of dispersion, such as the average deviation, quartiles, per- 
centiles, 9 the probable error, etc., but the standard deviation, as 
its name implies, is the most general or standard unit. It is a 
probability unit when the shape of its distribution is known. In 
this sense it is a unit of unusualness of occurrence, of difficulty 
(if the indicant measures an achievement involving effort), or of 
relative excellence (for value indicants) . 

The more readily the student of sociology can think of societal 
characteristics in terms of sigma units of a defined population, 
the greater will be his facility in relating and predicting such 
characteristics. Ordinary indicants do not have a predictive con- 
notation. Sigma indicants, because they are convertible into 
probabilities when their distribution is known, have the connota- 
tion of prediction. Prediction of the future is both a major human 
interest and a function of science. Biologically viewed, the ability 
to predict means more adequate adjustment of man to his en- 
vironment. 

4. Relation to Maximal Dispersion (Monopoly) o- v , = SVP“- 5 

Very often the statement of the amount of the dispersion of 
some characteristic seems meaningless to the student for lack of 
associations in that field, i.e., for lack of a standard by which to 

* For Eqs. 17“18b, Ch. V, see notes at end of chapter. ' 
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judge whether a sigma of x units is large or small for that kind of 
characteristic. To remedy this lack, the percentage of a sigma 
to the maximum sigma is here proposed. Dispersion becomes 
maximal in a monopoly when one party has all of the indicant, 
and all the other parties have zero amount of the indicant. Dis- 
persion thus varies between the limits of equality (cv = 0) and 
monopoly. 10 * 

Thus in S. 17, Ch. II, to say that the dispersion of life insurance 
among the ten leading nations is 569 million yen is not illumi- 
nating. But to state that it is 67% of a complete monopoly, with 
the United States leading, is more significant. 

Again, this ratio enables comparison of diverse situations meas- 
ured in diverse units. It becomes possible to compare the disper- 
sion of life insurance (originally expressed in yen units) with the 
dispersion of intelligence (observed in score units) by showing 
that one is x% nearer its maximum than the other to its maximum. 
This monopoly index measures the degree of dispersion of any 
characteristic on a percentage scale where 0% represents equality 

of distribution (<r = 0) and 100% represents maximal inequality 
of distribution 

100 <r v , max. a v > = f m “T) = index of the percentage of 

monopoly (Eq. 20, Ch. V) 

5. Relation to Dissimilarizing ” and to “V aria tion” 

Dispersion, measured by sigma as the best general index of 
deviations from the central tendency, has been shown above to 
connote: (a) probability of occurrence which is useful in predic- 
tion, (b) reliability of observation which is essential in method- 

ology, and (c) comparability of measures which is also essential 
in methodology. 

One further property of dispersion needs to be noted to dis- 
tinguish this concept from “dissimilarizing” and from “varia- 
tion.” Dispersion as defined here denotes quantitative variation, 
i.e., the deviation of the distributed units from the mean of the 
distributing characteristic by some amount, i.e., some number of 
those distributing units. Dissimilarity is defined (see Ch. Ill) 
as qualitative variation, i.e., the number of different THnrlg 0 f 

* For Eqs. 19a~b, Ch. V, see ootes at eaad erf the chapter . 
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characteristics existing in a situation. Geometrically stated, dis- 
persion states the length of one vector, while dissimilarity states 
the number of vectors, i.e., the number of different directions or 
dimensions of societal space that is involved in any defined 13- 
situation. The term “ variation” is used here to denote either or 
both types, namely, dispersion and/or dissimilarity. 

|i = “ dissimilarity” (Eq. 21a, Ch. V) 

T = “ dispersion ” (Eq. 21b, Ch. V) 

a Ii = “variation” (Eq. 21c, Ch. V) 11 


In applying these definitions we would term as “variation” 
what North terms “social differentiation” (Ref. 50). He distin- 
guishes four types, namely, by rank, occupation or function, culture, 
and interest. Rank is usually an ordinal indicant (although occa- 
sionally it is a cardinal, as in economic rank measured by monetary 
income) and is, therefore, a matter of dispersion on a quanti- 
tative scale, whereas function is mostly qualitative and is, there- 
fore, our “dissimilarity.” His “culture” and “interest” may 
have quantitative as well as qualitative aspects, and hence in- 
volve both our “dispersion” and our “dissimilarity.” Hence, 
Eq. 21c, Ch. V, includes all four of North’s types of societal 
variation. 


There are numerous sociological terms for dispersion in par- 
ticular forms: “stratification,” “ super ordination and subordina- 
tion,” “social classes,” “inequality,” “vertical social distance,” 
“rank,” “income class,” “educational and cultural level,” 
“hierarchy.” These may be readily analyzed into qualitative 
characteristics showing them to contain an element of our dis- 
similarity, 1 1 , and a quantitative characteristic measurable on a 


rating scale, if no more precise units are available. The degree 
of “super ordination,” “levels,” “ranks,” etc., of any person, or 
plurel, should then become more exactly expressible as a certain 
number of sigma units above or below the mean of some defined 


population which yields the norm. 


j E. Skewness and Kurtosis 

The two next higher order indices of a distribution are Pear- 
son’s Pi and fi 2 , defined by Eqs. 10 and 11, Ch. V. The square 
root of j8i is a measure of the skewness (Sk) of the distribution 
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curve. Skewness is negative when the negative tail is drawn 
out, as in the distribution of marital satisfaction (S. 1, Ch. V). 
Skewness is positive when the positive tail is skewed out to the 
right, as in the usual distribution of income (see S. 20, Ch. XII). 
Skewness may connote that the moments of the distribution are 
not in balance, that there may be instability in the factors creat- 
ing the data, or that a change may be going on in the internal 
structure of the situation. This hypothesis of the possible mean- 
ing of skewness would lead, in situations where the hypothesis 
may be verified, to its becoming a useful tool for diagnosing evo- 
lutionary trend and probable stability of distributed phenomena. 

Skewness may help to differentiate imperfectly defined char- 
acteristics. Thus, psychiatrists admit a considerable percentage 
of uncertainty in the diagnoses of schizophrenia and the manic- 
depressive psychoses. These psychoses have been found to show 
skewed as against non-skewed distributions respectively in their 
rates of incidence in Chicago when studied by ecological zones. 
(Ref. 21.) Thus, the dimensional analysis of phenomena may help 
to classify and consequently understand and eventually control 
those phenomena more adequately. 

1. The J-ctjrve Hypothesis of Conforming Behavior 

Skewness may also be due to one or a few causal factors of 
dominant importance being combined with a larger number of 
uncorrelated lesser factors. Thus, in Allport’s J-curve hypothesis 
of conforming behavior (Ref. 1) this type of skewing was ob- 
served. wherever persons were ehiefly, but not entirely, controlled 
by a single stimulus or motive, such as stopping a ear entirely at 
a traffic stop sign, or arriving on time at work in the morning. 

As. an example of kurtosis-type, Allport’s hypothesis that con- 
forming behavior, when distributed on a non-telic continuum 
tends to show leptokurtic (i.e., high peaked) curves, has been 
tested by Dudyeha (Ref. 20). The latter collected additional data 
of punctuality distributions of the time of arrival of students at 
classes, chapel, breakfast, etc., and tested both his and Allport’s 
distributions by more exact statistical technics than the previous 
technic of inspecting graphs, and found them to be prevailingly 
mesokurtic (i.e., between peaked and flat-topped). 12 * 

* For Eqs. 22a-23, Ch. V, see notes at end of the chapter. 
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Such tests are technical and unfortunately, to many sociol- 
ogists, meaningless. But they are essential for defining the prop- 
erties of phenomena, and classifying them into categories whose 
causal factors can then be more objectively isolated and better 
predicted when the type of distribution is determined. 

F. The Normal Curve 

An important special case among the types 13 * of distribution 
curves is the normal probability distribution. To suggest the 
sociological importance of this normal distribution, two hypoth- 
eses are offered which interpret its meaning. 

1. The Multiplex-Elements Hypothesis 

The normal curve will result from a very large number of un- 
correlated, more or less equal, elements. Gauss used this concept, 
stated mathematically, in deriving the equation of the normal 
curve (as Bravais also did in deriving the equation of the normal 
correlation surface in 1846). The normal curve is the limiting 
case of the point-binomial distribution, which can be typified 
by pitching groups of pennies. The frequent occurrence of normal 
distributions in biological and psychological characteristics is 
commonly accepted as evidence for the hypothesis that such 
characteristics are caused by a multiplicity of small, equal, inde- 
pendent elements. Let us designate this hypothesis of the causa- 
tion of observed normally distributed data, the “multiplex- 
elements” hypothesis. (See Ch. YI for further exploration of 
“elements.”) A striking example of this multiplex-elements 
hypothesis in the sociological literature is Pemberton’s discovery 
of the normal distribution of the rate of cultural diffusion of cer- 
tain characteristics, such as the adoption of postage stamps by 
the nations, the membership in the national congress of parents 
and teachers, and the adoption of compulsory education by the 
States. (See S. 28, Ch. II, S. 5, Ch. X; S. 5, 29, Ch. XI.) This 
last provided more critical evidence on the multiplex-elements 
hypothesis. It was found that all the States together showed a 
non-normal distribution of dates of adopting compulsory public 
education. But the Northern States alone showed a normal dis- 
tribution, as did the Southern States also when distributed by 

* For Eqs. 24a— e, Ch. V, see notes at end of the chapter. 
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themselves. The Southern States lagged about thirty years be- 
due to the negro problem. "W it-hin each section of the 
United States the culture was “homogeneous” in this respect, 
but between the two sections, the illiterate, ex-slave negro popu- 
lation constituted a factor dominating in influence over the 
multiplicity of factors tending to diffuse education more widely. 
In the case of other indicators (see S. 5, Ch. X, and S. 5, Ch. XI) 
of the diffusion of educational interests, the influences of the 
World War of 1914-18 and the economic depression of 1930-33 
disturbed the normal ogive curve, but these disturbances were 
compensated for by the multiplicity of factors at work as soon as 
those major influences were removed. Further charting and 
fitting of curves to data of cultural diffusion should lead to iden- 
tifying such normal trends while still uncompleted, and enable 
prediction as to their rate of completion (perhaps to S. 3, Ch. XI, 
for example) . 

2. The Evoltjtion-to-N ormal Hypothesis 

Again, the type of distribution tells its stability. Distributions 
whose curves have infinite higher moments are unstable. The 
most stable type of all is the normal curve, all of whose moments 
are finite. This fact led Kelley to propose the hypothesis that 
evolution is a trend towards normal distributions. Arguing that 
evolution is a trend towards the stable, that the unstable being 
unstable does not endure, he suggests that the normality of a 
distribution should serve as a test of whether the distributing 
characteristic in a given population is evolutionally mature, or is 
still evolving and “on the make.” 14 (See Ref. 35, pp. 147-150.) 
Kelley suggests that his hypothesis can be tested by comparing 
distributions of shells and skeletons of extinct and primitive 
species with surviving species. 

II. DISTRIBUTION'S OF INDICANTS OF DESIDERATA, I V :P 

A. Definitions 

Evaluated indicants and evaluated plurels have been noted in 
the two preceding chapters. They may now be discussed a little 
more adequately in describing their combination in valuated dis- 
tributions, whieh are distributions of some desideratum. 
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A desideratum is anything, tangible or intangible, desired by 
people. It is any physical or psychic object satisfying a human 
want. A positive desideratum is defined as that towards which 
people behave so as to preserve or increase it. A negative desid- 
eratum is defined by behavior tending to decrease it. Desiderata are 
thus entirely relative to specified parties at specified times. They 
need not remain purely subjective matters confined to the fields 
of literature, ethics, and philosophy. They can be scientifically 
observed by any indicators of what people want. 15 Common types 
of indicators of desiderata may be money expenditure, time ex- 
penditure, verbal statements under conditions which reduce the 
probability of insincerity or rationalization, votes, attitude and 
opinion tests, behavior, such as attendance at meetings, writing 
letters, str iking , etc., choices made in terms of experiences re- 
jected in favor of alternative experiences, etc. The list may be 
greatly expanded. With research, technics for observing indica- 
tors of desiderata may be expected to become more comprehen- 
sive, reliable, and valid. 

Whenever the indicators of what human beings desire (includ- 
ing negative desires and aversions) can be quantitatively ex- 
pressed, a frequency distribution can be made. Such a distribu- 
tion of a desideratum may be symbolized by the letter V, used 
either as the index or script, and serving as a subindicator. 

I“(or V°) = value attributes, i.e., desired attributes, | T in 

number (Eq. 25a, Ch. V) 

I T (or V T ) = value indicants, i.e., indicants of desiderata, 

|v in number (Eq. 25b, Ch. V) 

J : P(or vV : P) = a distribution of persons according to a de- 
sideratum (Eq. 25c, Ch. V) 

In dealing with value distributions and the plurels at their 
extremes the following terms may be used: “normals/' are de- 
fined in this volume as parties falling between plus one sigma 
and minus one sigma, or the 68% which fall, in the normal dis- 
tribution, between the 16th and 85th percentiles; “subnormals,” 
those who are one sigma or more below the mean, i.e., the 16% 
from the 1st through the 16th percentiles inclusive; “super- 
normals,” those one sigma or more above the mean, i.e., from the 
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85th percentile up; and “non-normals,” the subnormals and 
supernormals combined. For more precise purposes, the plurel 
which is two sigma or more below the mean may be called “mini- 
normals.” In the normal distribution they will be the 2% in the 
first and second percentiles. Similarly the “maxinormals” are 
those who are two sigma or more above the mean, or the 2 % in 
the 99th and 100th percentiles. The “abnormals,” which com- 
bine the mininormals and the maxinormals, may often be more 
readily defined by percentiles in situations where indicants and 
standard deviations have not been developed. Thus the percent 
divorced, the percent insane, a mortality rate, etc., are defined 
by the points of a divorce decree, a co mmi tment to an institution, 
death, etc., on conceivable continuums (for which indicants 
have not yet been adequately developed) of marriage adjust- 
ment, sanity, and health respectively. 

These names for the class-intervals whose boundary points 
are multiples of sigma are general ones. In particular studies 
where boundary points that are objectively determinable mark 
off percentages other than the 2%, the persons in the 
extreme class-intervals may be conveniently referred to as 
“minimals,” or “maximals,” and defined by some non-integral 

value of sigma or by a percentage at the extreme which is not 
necessarily 2%. 

For non-value distributions a similar set of terms for deviates 
having no implication of social desirability or undesirability may 
prove convenient, as defined below; 

For a value distribution T I : P For any distribution J : P 

Mininormals = : P = Minimates (Eq. 26a, Ch. V) 

Subnormals = : P = Minorates (Eq. 26b' Ch. Y) 

Normals = ±',I ; P = Mediates (Eq. 26e, Ch. V) 

Supernormals = W> ,I : P = Maj orates (Eq. 26d, Ch. V) 

Maxinormals = : P = Maximates (Eq. 26e,' Ch. V) 

In these definitions the symbols, as usual in S-notation, state 
t e limiting points in the point script (where “j always denotes 
the first or lowest limit, and *'| the last or highest limit) of a 
particular class-interval, ,1, for any indicant. A graph defining 
these terms follows herewith. 




B. 11 Social Problems ” or “ Social Pathology ” 

. With these definitions, the whole field of social pathology can 
be more systematically treated. A “ social problem / 7 as currently 
used in the field of Sociology and social work, is definable as 
minimality, i.e., a defined extreme degree of deficit of some char- 
acteristic which is desirable to the population in which the social 
problem exists. The problem of poverty is an extreme deficit of 
the characteristic wealth, which, if valued by a population, 
thereby defines the poor as a social problem. In a monastery 
where wealth is not valued those lacking it in that plurel cease 
to be a social problem. The problem of crime is an extreme de- 
gree of negative law-abidingness, defined by the laws which for- 
mally state those of the values which are compulsorily enforced 
by the plurel of that legal jurisdiction. With another country or 
State with different values and laws crystallizing them, the crim- 
inal will be defined differently. The problem of the defectives is 
made up of those persons who lack in extreme degree the socially 
desired characteristics of health, sanity, and intelligence. The 
illiterates constitute a social problem plurel only in a population 
that desires literacy; divorcees are a problem wherever marriage 
adjustment is a positive desideratum; atheists may be a social 
problem in a Puritan community; and theists may be that prob- 
lem in a Bolshevik community. 
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The systematic definition of social pathology is in terms of 
minimality. To define a social problem requires developing indi- 
cators of what a population desires. Extreme negative deviates 
from the mean of this desired characteristic are the social problem 
plurel. The chief types of human desiderata may be roughly 
classified as above, when classifying indicators (Ch. Ill) and 
plurels (Ch. IV). The indicators of institutionalized composite 
control environments are indicators of desiderata which people 
wish to control and may be referred to as valued indicators, 
I„. The consequent segmental plurels they form are plurels 
of specialists and their clienteles who desire the segmental 
desiderata. 

TYPES OF “ MINIMALITY” 1S 


Extreme Negative Deviates on Some Valued Index 


Bernard’s 

Derivative 

Institutional 

Control 

Environments 

(Modified) 

l* 

Examples of Valued Indicators Distributing 
| Characteristics in These Environments 

Which Define 
Corresponding 

Social Problem 
Plurels y i.e. f 
Minimals 

:P 

IE : (I). 

1 Ez : Oh 

1 

For Individuals in a 
Plurel, Chiefly 

For Plurels in a 
Population Chiefly 

(1) Domestic 

Marriage adjust- 

ment scores (Bur- 
gess and Cottrell) 

Divorce, marriage, 
fertility, illegiti- 
macy rates 

Divorcees, prosti- 
tutes, illegiti- 

mates 

(2) Medical 

Temperature, blood 
pressure, and ; 

other physiological 
tests, and psycho- 
neurotic tests 

Morbidity and mor- 
tality rates. Insti- 
tutional commit- 
meats. Public 

Health Appraisal 
Forms 

The sick, the defec- 
tive, blind, crip- 
pled, insane, etc. 

t 

i 

(3) Economic 

Income. Days per 
year employed 

Average income, per- 
cent unemployed 

The poor, the un- 
employed 

(4) Political 

Attitude tests. Party 
membership. Na- 
tional citizenship 
plus indicators of 
degree of war 
participation 

Crime rates. Polit- 
ical arrests and 
prisoner rates. 

Rates of war dam- 
age in bereaving, 
maiming, impov- 
erishing, exiling 

The criminals. Po- 
litical refugees. 
War-caused de- 
pendents 

(5) Racial 

! 

i 

Skin color, hair 
type, cephalic in- 
dices 

Anthropometric in- 
dices 

1 Inferior races — 

Bushmen, Pyg- 
mies, etc. 
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TYPES OF “ MINIMALITY ” 16 — {Continued) 


Extreme Negative Deviates on Some Valued Index 


Bernard’s 

Derivative 

Institutional 

Control 

Environments 

(Modified) 

\v 

Examples of Valued Indicators Distributing 
Characteristics in These Environments 

Which Define 
Corresponding 

Social Problem 
Plurels , i.e ., 
Minimals 

a'r*<r,(I) v : P 

IP : to. 

Pp : (I) v 

For Individuals in a 
Plurel , Chiefly 

For Plurels in a 
Population, Chiefly 

(6) Educa- 
tional 

School achievement, 
Tests of informa- 
tion or skill 

Illiteracy rates, An- 
nual books per 
capita. Educa- 

tional budgets 

The illiterate. The 
ignorant or 

“ backward” 
peoples 

(7) Recrea- 
tional 

Variety of leisure 
activities. Rating 
in a particular 
leisure activity 

j 

Per capita public ex- 
penditure for rec- 
reation. Weighted 
indices of partici- 
pants X occasions 
X types of recre- 
ation 

The overworked 
and underprivi- 
leged classes (not 
necessarily the 
lowest incomes) 

(8) Esthetic 

Artistic appreciation 
tests (e.g., Sea- 
shore’s Musical 
Talent). Contests 
for artistic pro- 
duction 

Indices of institu- 
tions for art, 
music, gardening, 
etc. 

i 

The offensively vul- 
gar, vandals 

(9) Ethico- 
Reli- 
gious 

Attitude indicators, 
Participation indi- 
cators. Character 
tests (May) 

Church membership 
and attendance 
rates. Institu- 
tional indices. 

(Chapin) 

The atheists or 
anti-religious. The 
vicious 

(10) Linguis- 
tic 

Standardized lan- 
guage achieve- 

ment tests 

Average scores on 
language tests. 

Percent speaking a 
language 

Foreign language 
minorities 

(11) Com- 
munal 

Percent of communi- 
ty’s culture traits 
participated in. So- 
cial distance scores 

Social distance 

scores between 

communities 

The hermit or iso- 
lated. The ostra- 
cized 


C . “Social Therapy ” or Ways of Decreasing Subnormality 

Since social problems are negative values, people consciously 
strive to reduce them, at the same time as they often uncon- 
sciously through ignorance, conflict of interests, etc., behave in 
ways which perpetuate the problem. There are three general 
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methods of reducing subnormality. These three methods are 
defined by the first three moments of distributions. 

1. Progress , M (I) V 

The first method is to raise the whole population, to increase 
the mean of its valued indicant or index. This method moves the 
whole distribution towards larger amounts of the desired charac- 
teristic. (For a controlled experiment graphing the distributions 
of such progress in hygiene in experimental, control, and demon- 
strational villages, see S. 30, Ch. II.) It increases the mean indi- 
cant, ' I (and all person-indicants, P I) by the amount progressed 
without otherwise changing the distribution. Everyone has a 
constant increment with no change in their relative standing. 
Its symbol is : 

(I). = progress to date, the mean of an index valued by a 
population (Eq. 27, Ch. V) 

The dynamic aspect of this method, the change in the mean with 
time, is the process of “progressing” and will be taken up in 
Chapter X, when dealing with the time sector. This method is 
defined by an increase of the first moment. (See Eq. 8, Ch. V.) 

2. Equalization '(I) v 

The second method is that of equalizing by drawing both ex- 
tremes of the distribution in towards the mean. To reduce ex- 
tremes of wealth, redistributing it more equally would be an 
economic form of such equalizing. To abolish the privileges of 
the nobility and enfranchise the humblest citizens would be a 
political form of equalizing. Democracy in various forms aims 
to equalize. This method is a shrinkage in dispersion and is 
measured by a decrease of the standard deviation. The stage or 
degree of equalization existing at any date is symbolized by: 

'(I)v = equalization, the dispersion of an index valued by a 
population (Eq. 28, Ch. V) 

(Again the dynamic aspect, the process of “equalizing,” is dis- 
cussed more fully in Chapter X. For an example of the opposite, 
disequalizing, in incomes, see S. 26, Ch. XII.) 

This method, then, is defined by a decrease of the second mo- 
ment (see Eq. 9, Ch. V). 
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3. Amelioration, sk (I) v 

The third method of reducing subnormality is to decrease the 
minimals’ class. To enrich the poor, heal the sick, prevent 
divorces, teach the illiterate, convert the atheists, re-employ the 
unemployed, reclaim the drug addict, and to prevent or to uplift 
the minimals of any kind, would be amelioration (in any popula- 
tion where the plurels listed in this sentence were negatively 
valued). This method draws in the lower extreme of the distri- 
bution towards the mean. It shifts the skewing of the curve 
from one side towards the other. It is measurable by a positive 
increment in the coefficient of skewness. Its static aspect, the 
degree of amelioration achieved up to a given date, is symbolized 
by: 

Sk v = amelioration, the amount and sign of the skewness of the 
distribution of a population on a valued index (see Eq. 10, 
Ch. V). (Eq. 29, Ch. V) 

This method, then, is defined by a positive increase of the third 
moment. 

For an application of these concepts it may be suggested here 
that the ideal of capitalism are methods (1) and (3), i.e., to 
reduce economic pathology by general progress and amelioration 
(as defined above), while the ideal of communism are methods 
(1) and (2), i.e., to solve a population’s economic problems by 
general progress and equalization (as defined by the equations 
above). 


D. An Hypothesis of a “ Natural Range ” 

A sociological issue is presented by the dogma of capitalism, 
that individual differences in initiative and ability justify the 
existing degree of dispersion of wealth, and the opposite dogma 
of communism, that complete justice lies in equality of economic 
income (whatever inequalities there may be in psychic income). 
The issue appears in its political form in the current opposition 
of dictatorial systems to the more equalitarian democratic systems. 

A straddling middle ground, such as in a philosophy of economic 
inequality coupled with political equality, seems to be increasingly 
difficult to maintain. The issue is becoming increasingly emo- 
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tionalized. Can sociologists contribute any light tending to resolve 
the conflict? What theories are there which might tend to solve 
the problem by the rational technics of science rather than by 

force? 

Upon this issue, an hypothesis is offered below, which, while 
of no practical significance immediately, may ultimately, if veri- 
fied, and applied, contribute to solving the problem. 

The issue can be stated, theoretically, as the degree of dis- 
persion desired (including assented to) by a population. For given 
characteristics (chief of which are income and standard of living, 
political rights and power ) what amount of dispersion shall be 
tolerated or striven for? Shall it be slightly more or slightly less 
than the current degree, or radically more or radically less ap- 
proaching the maximum or the minimum? Shall the policy be 
conservative or liberal, fascist or communist? Of course the issue 
thus stated is oversimplified. Actually it is complexly overlaid 
with other issues more or less correlated. But it is submitted that 
at least a major element in the complex of issues that is increas- 
ingly drawing nations into opposing camps is the question of the 
optimal dispersion within a nation (and also between the nations), 
which, of course, may be different for different characteristics. 

Furthermore, each nation’s attitude to the current distribution 
of raw materials, markets, colonies, population outlets, military 
power, prestige, etc., is its value judgment for that characteristic, 
and determines what it considers to be a more nearly “optimal” 
dispersion. But interests conflict, and the definitions of the 
“ optimal” for any one characteristic may be as many as the 
parties whose desires define it. Is there any criterion of the 
“ optimal” dispersion which, by its scientific demonstrability, 
might gradually become accepted and be collectively acted upon? 

* Our hypothesis on this point is that a tendency to a “natural 
range,” to a “normal” amount of dispersion, exists and can 
progressively be discovered 17 by research. 

Suppose, for example, a comprehensive research were made to 
collect all the distribution curves on record for any plurels on all 
characteristics, biometric, econometric, anthropometric, socio- 
metric. What percentage are normal curves (i.e., have fii = 0, 
fit = 3 within standard error limits)? What is the maximum 
range from lowest to highest limit in each distribution as meas- 
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ured by sigma uni ts? The normal probability table tells us that 
a range of six sigma will be exceeded about three times in a thou- 
sand instances, and that a range of 12.5 a will not be exceeded once 
in two billion times. (Ref. 37.) As the population of the world is 
es tima ted to be not far from two billion, this means that in a 
normally distributed characteristic not one person will be found 
in the whole world beyond the range of twelve and a half sigmas, 
i.e., beyond 6.25o- from the mean. 18 

±6.25*1 ; p = .8 = probable number of living persons beyond a 

range of 12.5<r in any normally distributed 
characteristic (Eq. 30, Ch. V) 

Let us, then, adopt this range of 12.5a- as the upper limit of the 
possible range for any normally-distributed human characteristic. 
The sample here is maximal, as it is all living human beings. 
Now, do observed distributions ever show ranges greater than 
12.5cr: 

a. when the distribution is well fitted by a normal curve? 

b. when the distribution is not normal? 

The ranges found should themselves be tabulated in a frequency 
distribution and the mean range, the maximal one, and the per- 
centage exceeding any defined range, such as 12.5c-, should be 
determined. Those exceeding 12.5a- should be carefully studied 
as to size of sample, artificial or unnatural factors in the situation, 
etc. Our hypothesis of a “natural range” is that 12.5a- tends 
to be the upper limit of range of human characteristics that are 
naturally, i.e., non-culturally, determined. This hypothesis can 
be crucially tested (though the labor involved is great) and its 
degree of truth, as shown by the indices of the distribution of 
ranges of distributions, can be ascertained. The hypothesis im- 
plies that culturally determined distributions may be expected 
sometimes to show ranges exceeding 12.5 a, but that character- 
istics which are least affected by human culture, which are most 
natural or hereditary, will not exceed that limit. (The degree of 
cultural determination will have to be assessed and a rating, or 
other scale, for it may prove extremely diffi cult to construct.) 
Thus, distributions of IQ’s from reliable and well-calibrated intel- 
ligence tests seldom exceed a range of 8 o- sigma. (See for ex- 
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ample S. 21, Ch. XII.) But economic incomes in our capitalistic 
culture show no such limit. Incomes of a milli on dollars a year 
(which are well below the maximum incomes) constitute a range 
from the smallest incomes, of some 2000 cr. (See S. 20, Ch. 
XII. In the graph the dispersion has been enormously shrunk 
by using logarithms of dollars as the distributing unit.) No cali- 
brated tests of ability have ever, to the author’s knowledge, 
shown such a tremendous dispersion as this. Do not such findings, 
if further corroborated, throw doubt on the claim that the current 
largest salaries and incomes are justified because they are pro- 
portioned to individual differences in “initiative” and “ability”? 
On the other hand, the scientific evidence reported by psychol- 
ogists disproves the doctrine that all men are created equal, as 
it is probable that every human trait, if measured finely enough, 
would show a dispersion. May not a solution between these 
opposite extremes of doctrine lie in finding some reasonable limits 
of range, and, by social convention, shaping our cultural charac- 
teristics proportionately? The problem of how to enforce such 
conventions by law or collective action can be safely postponed 
for many years to come, as the prerequisite scientific job will 
require decades of work by thousands of able, well-trained, and 
well-supported researchers. There are great technical difficulties 
in devising indicants for intangible characteristics, in applying 
them adequately to whole populations, in analyzing the resultant 
distribution curves, and in gradually establishing a consensus 
among scientists as to the emergent findings which can be a fac- 
tual base on which public opinion and mores, and eventually laws 
and institutions can be built. 19 

E. A Tension Theory of Societal Action, 

Thus far the objective aspect of values and the objects valued, 
have been dealt with. But the subjective aspect of the evaluation, 
the intensity of the desire in people, which determines what is a 
desideratum, is the more important sociologically. For it is the 
desires, the wants, the motives of people in certain situations that 
create human desiderata and determine individual and societal 
behavior. In order to deal more scientifically with both aspects 
(the object valued and the desire of the evaluating person) a 
theory, or system of hypotheses, is hereby offered. 
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1. Definitions and Assumptions 

Suppose that behavior is summarized in the statement: “People 
desire desiderata,” meaning that people continually want objects 
of psychic and physiological satisfaction. This somewhat circular 
statement that people desire what they desire becomes useful 
only if we ha ve an equation in which all terms but one are deter- 
minable from observation, enabling the finding of the solution 
for the unk nown quantity. To accomplish this, let P be the num- 
ber of people concerned with a particular desideratum; let 
D ( = m I d ) be the average intensity of their desire for that desid- 
eratum; and let V ( = I v ) be the quantity of units of the desid- 
eratum that are available for supplying that desire. 

Y : P : D = a value with its corresponding evaluating persons and 

their average intensity of desire (Eq. 31, Ch. V) 

Thus, twenty athletic competitors (P = 20) want one of three 
prizes (V = 3) with an intensity of desire measurable in standard 
deviation units (say D = .3cr) on some scale such as (for a be- 
havioristic index), the number of hours each will spend in training 
for that contest, or (for an attitudinal index) an attitude test of 
endorsing such statements as, “I would rather win this prize 
than graduate,” etc. 

In exp lana tion of the term, “desire” should be interpreted 
broadly as all sorts of “wishing,” “hungering,” “interest,” 
“striving,” or other concepts of conscious or unconscious inner 
motivation. Desire may be evidenced in its covert state as atti- 
tudes or in its overt state as behavior, and this may be highly 
mechanistic (as in thirst) to highly telie (as in an ideal of a utopia, 
where the idea is physiologically a current or tension in nervous 
pathways and, therefore, just as much a prior cause of behavior 
as the thirst is to drinking). “Desire,” as all inner motivation to 
behavior, becomes of absolute zero intensity only in death, though 
it may temporarily be in suspense, as in sleep. Broadly, it is the 
total inner states (including experience) of the organism deter- 
mining the response upon stimulation, as indicated in the modi- 
fied stimulus-response formula: 


B = (0 ; S) 


(Eq. 32, Ch. V) 
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behavior is some function of the organism and the stimulus- 
situation. 20 

The desideratum is the philosophical “value” more than the 
economic one. It means the object, or objects, of desire which 
may be anything from mystic communion with the Absolute to 
bread and butter. Although often highly abstract and symbolic, 
it may be external to the individual, and therefore, more objec- 
tively observable than the desire which is entirely subjective and 
can only be inferred from speech and other behavioristic indica- 
tors. Thus, even where the desideratum is “ prestige,” it is 
observable in the glances, acts, words, and tones of associates, 
etc. In economic realms it is the goods or sendees that satisfy 
wants. But in other realms it may be a political office, a mate, 
graduation, fame, or anything one sets one’s heart upon and 
behaves in such a way as to get more of it or keep from losing it. 
Often it will be a whole, a unitary and indivisible qualitative 
entity, such as “winning” a contest, and then V° = 1. Deciding 
on the units, or entities, whose number is the quantity V, is the 
central problem of measurement in this theory. In many situa- 
tions it is determinable, and in many others should yield to com- 
petent research. The theory is fully applicable only when V is 
determinable. Such situations are rare in the present stage of 
methodological development in Sociology. 

Now the fundamental fact is that human desires usually exceed 
the values available for satisfying them, PD is greater than V. 

PD > V == human desires tend to exceed the available desider- 

atum (Eq. 33, Ch. V) 

Man wants more of what he wants, whether it is a positive getting 
something or a negative avoiding something, or whether it is the 
mere further living in order to continue experiencing. When all 
desire goes, death ensues; here D = 0. Hence PD vanishes 
mathematically in the equation and physically in death. The 
inequality (Eq. 33, Ch. \ ) describes in cold mathematical symbols 
the urge to activity in all living creatures. In special disciplines 
this inequality is described in terms connoting associated facts 
in that field, , such as “struggle” for existence in biology, a “strain 
toward equilibrium of forces” in bio-chemistry, a “drive” in 
psychology, a “group interest” causing a societal process in 



Ch. V] 


DISTRIBUTIONS, I; P 


265 


sociology, etc. The mathematical statement is here preferred as 
the most definite and universal, since each discipline may evolve 
for each term of Eq. 33, Ch. V, its most appropriate units, the 
interrelationship of which, expressed by Eq. 33, Ch. V, may be 
valid to all. 


2. The Tension or Equilibrium Equation 

Next, to convert the relation Eq. 33, Ch. V, into an equation, 
introduce a coefficient E defined by: 

PD/V = E, the equilibration (or “tension”) index 

(Eq. 34a, Ch. V) 


or in equivalent, and more symmetric form: 

PE = VE = the simple tension theory of societal action 

(Eq. 34b, Ch. V) 


The ratio E measures the degree to which the total desire of a 
population exceeds the available amount of the desideratum in 
question. Since it thus measures the degree of equilibrium be- 
tween a desire and its satisfying desideratum, it may be denoted 
by E, the equilibration ratio. Various other possible ways of 
thinking of it are, as a “coefficient of value,” or “worth” of each 
unit of V, or again as a desire-satisfaction ratio in societal fields, 
or as an index of social “tension.” It is a ratio of demand to 
supply in economics (before correcting the statement of that 
relation by the concept of price) . A simple mnemonic statement 
has been suggested as: “Peoples’ desires and the objects valued 

are to be equalized.” 

Before clarifying these concepts with numerical illustrations 
from various social disciplines, it should be explicitly noted that 
D is the average desire in a population whose intensity of desire 
may vary from person to person in some sort of a distribution. 


D = 2(I) d /P 


sum of indices of desire 
number of people 


(Eq. 35, Ch. V) 


When this average is multiplied by the number of persons, as 
in Eq. 34a, Ch. V, it leaves : 


-g __ ZI D _ total desire 

V total satisfaction 

* For Eqs. 37 and 34c, Ch. V, see notes at end of chapter. 


(Eq. 36, Ch. V) 21 * 
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It should also be noted that for the case where the population 
is one person, P = 1 and E = D/V, a person’s tension is the ratio 
of his desire for a value to the quantity of the value available. 

3. Numerical Examples 

a. From political science 

For a political case of the theory, consider nationalism, the 
intense desire for the desideratum “national aggrandizement.” 
Such a unitary qualitative desideratum is denoted by an exponent 
of zero. V° = 1, and so E = PD. The tension of the nation 
towards this desideratum varies directly with the n umb er of 
people in the nation and with the average intensity of their na- 
tionalistic desires. 

Democracies have been applying this equation (Eq. 34, Ch. V) 
for centuries. Except where a person has several votes (weighted 
by property held, etc.), or in proportional representation, every 
person is classed as having 0 or 1 units of intensity of electoral 
desire. The criminals, non-citizens, and those not interested 
enough to register get a 0; the rest all get 1, simply because in- 
dividual differences could not be measured reliably, so the effort 
was given up (when aristocracy or the hereditary system of 
weighting individuals was abandoned) and everyone was con- 
sidered equal, as a rough but closer approximation to ideal 
weighting. In a situation, then, where 1,000,000 voters are elect- 
ing 20 members of Parliament, the coefficient of value of each 
seat is 50,000 (in terms of votes). 

P = 1,000,000 V = 20 

D = 1 E = 50,000 

1,000,000 X 1 = 50,000 X 20 

(Eq. 38, Ch. V) 

This measures precisely the common opinion that the worth 
of an office varies according to the size of its electorate, the mayor- 
ship of New York City outweighs that of a sm all town; the pres- 
idency is more coveted than a governorship. This is the worth 
of the office. For the relative worth to the electorate of each 
candidate the equation is applied in turn to each candidate as 
the unitary value. The number of votes cast for him measures 
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his official worth in a democracy relative to the other candidates. 
The sum of the worths, E, of the candidates, equals the worth 
of the office. This varies from one election date to another, as 
the varying turn-out of voters indicates. 

Thus, in a democracy, elections are a crude device to measure 
and apply Eq. 34, Ch. V. 

b. From education 

For an application of the formula in the field of education, 
consider the value of a college degree to the population identified 
as “ entering Freshmen.” If about 50% of them will graduate, in 
the experience of that particular college, and there are 500 Fresh- 
men, then V, the number of coveted degrees achievable, is about 
250. As one rough index of desire, D, take the number of years 
of effort of the sort defined by passing courses and fulfilling nor- 
mal expectations of campus life. D is a little less than 4 years — 
depending on how early that college eliminates the weaker stu- 
dents — say D = 3 in units of years of “collegiate effort.” 22 Then 
in these years of “crude effort” units 

P X D = V X E 
500 X 3 = 250 X E 

E = 6 (Eq. 39, Ch. V) 

This “worth” of 6 units for the degree in that college 23 may 
be compared with the situation in another college where it may 
be “worth” more, since, for example, 

P = 500, D = 1.8, V = 300 and, therefore, E = 3 

(Eq. 40, Ch. Y) 

In the second case the percent faffing to graduate is smaller 
and they are eliminated earlier in their course, resulting in smaller 
“societal tension,” E. The “worth” or “tension” towards a de- 
gree for a group is thus seen to vary directly with the number of 
years of effort required, and inversely with the probability of pass- 
ing. 24 


c . From biology 

For a biological example take the Malthusian principle. At 
any time people, P, have an average intensity of desire, D, for 
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food and wherewithal to live, V. The ratio of the total desire to 
the available maintenance, in whatever units these are expressed, 
is E, 2 ’ 1 the coefficient of tension or biological price of one share of 
maintenance. 

Now as time goes on, P tends to increase geometrically by 
births and V tends to lag behind in arithmetic increase (according 
to an early version of the Malthusian principle) ; with the resultant 
increase of E, the biological price of each share of maintenance. 

D, here, is not as narrow a concept as conscious desire to live, 
but is the broad total desire of the organism, its total urge to adapt. 
Since individuals vary in this ability to adapt, D, here, is as 

always the average of a distribution, As E, the biological 

price (in terms of difficulty of effort and amount of intelligence 
required for each share of maintenance) increases, it passes the 
maximum capacity of the inferior individuals who are eliminated 
in the struggle to survive. They have not what is needed to get 
a unit of V, therefore they get no V; they die; they drop out of 
the equation, thereby reducing the left-hand member PD and 
tending to bring it into balance with the right-hand number, VE. 
This selection is more drastic and swifter when E is large; the 
struggle implied in the inequality (Eq. 33, Ch. V) is greater then; 
but the selection is less rigorous (i.e., a smaller percent of P is 
eliminated) when E is small. 

Biologically the problem of balancing Eq. 34, Ch. V, i.e., keep- 
ing E small, can be met in only three w r ays : 

1. Reduce the rate of increase of P — naturally by the death 
of the less fit, or artificially by birth control, migration, etc. 

2. Decrease D, lower the standards of living — as in the river 
valleys of India and China. 

3. Increase \ , the supply of food and things needed for h um an 
life by scientific technology, and collective organization. 

Now consider the case of a society (as in the Occident in the 
century since Malthus) when V, the food supply, by reason of 
scientific technology, grows faster than the population. (See 
S. 32, Ch. II.) If our hypothesis (Eq. 34, Ch. V) is true, one (or 

more) of three things will then happen to compensate for the 
increased food supply : 
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1. The population will tend to grow faster with less elimination 
of the unfit ; or 

2. desires, the psychological standards of living, will rise; 'or 

3. the social tension, the urge to satisfy unsatisfied desire will 
decrease, i.e., society will become more leisurely and less 
strenuous. 

Thus, whatever the facts as to the Malthusian ratios in par- 
ticular societies, Eq. 34, Ch. V serves to express the interrelation 
of population, production, and motivation factors, and to help 
predict the consequences of changes in some of the factors upon 
the other factors. 

d. From economics 

In Economics, theories of value have been developed with 
great refinement. Essentially, economic value rests on scarcity 
(otherwise the object has mere “utility”), which is another way 
of saying that Eq. 33, Ch. Y is an inequality, that potential de- 
mand exceeds supply. To provide a common unit of economic 
values (i.e., goods and services) value is related to money, giving 
rise to the ratio “price.” Without multiplying examples weari- 
somely, it may be briefly pointed out that the economic value 
(our E) varies directly with the number of competing buyers 
(our P) and with their desire in money offered (D), and inversely 
with the supply (V) of the goods. This is as stated in Eq. 34a, 
Ch. Y without the refinements required in Economics by the 
volume and velocity of circulation of money and credit which 
also affect price, and without stating the further complications 
of monopolies and other restraints on free competition. 

E (economic value) = P ? (total m T ° r ney ofl ; ered > demand > 

V (supply) 

(Eq. 41, Ch. V) 


e. From religion 

For a contrastingly intangible field, consider in religion the 
value to mystics that may be stated as u closer communion with 
God through prayer. 77 Theoretically there is an infinite supply 
of V , but actually, as drawn upon by human beings there cannot 
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be more per capita shares of such experience (whatever their size) 
than there are human beings, so that V, the number of average- 
sized shares, as realized, cannot exceed P. We may take the 

average share as the unit | = 1. Then V = P. Then E, the 

worth of such comm uni on to the population as a whole, is equal 
to the average intensity of desire for it by the individuals in that 

population. 

D = E, i.e., tension equals average desire, when 
P = V, as in unlimited desiderata (Eq. 42, Ch. V) 

f. From philosophy 

One philosophical implication of this theory is, that all interac- 
tion (and all behavior) has for its objective the minim izing of 
the tension E, in Eq. 34, Ch. V. The trend of behavior is to make 
E approach 1 as a limit. 

E = 1 = the goal of behavior (Eq. 43a, Ch. V) 
or PD = V (Eq. 43b, Ch. V) 

When PD = V, the available values equal the total desire, a 
perfect equilibrium is reached. But since D grows within us as 
life and mental life itself, and since P grows with the procreative 
sex urge, there is forever an increasing of PD and a resulting 
strain, an inequilibrium which drives us to action making us 
strive forever to win more desiderata, to come nearer the elusive 
equilibrium. 

Three alternative philosophies of life have grown up to ease 
this strain, to bring Eq. 33, Ch. V into equilibrium, to realize 
Eq. 43, Ch. V. In the Orient, at its extreme in Buddhism, renun- 
ciation of desire is the solution. Whittle away desire “for it is 
illusion.” Decrease D in Eq. 34, Ch. V in this life and in future 
incarnations, until at last the elect attain Nirvana, the blessed 
state of absence of all desires. In the Occident, at its extreme 
perhaps in America, work to satisfy desire is the solution. If 
you want something, “go get it,” or at least try! Increase Y in 
Eq. 34, Ch. V with invention and mass production so that more 
and ever more of our desires can be gratified. 

Thus, the objective and problem of living, stated mathemat- 
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ically 26 in Eq. 36, Ch. V is solved typically in the East by more 

accommodation. 

D = 0 (Eq. 44, Ch. V) 

and in the West more by organized effort in co-operation. 

V = PD (Eq. 45, Ch. V) 

This, of course, is an extreme tendency in each region with enor- 
mous overlap of the two groups. 

A third philosophy offering a way to reduce the tension, E, is 
that of Nietzsche, who advocated the ruthless elimination of the 
less fit, i.e., to make P decrease. This seems the philosophy under- 
lying Fascism. Eq. 34, Ch. V shows that these three are the only 
ways to reduce the perennial tension — increase the production of 
desiderata, decrease desires, or, for desiderata that are scarce, 
decrease the number of sharers. 

4. The Special Cases of Negative, Qualitative, and Un- 
limited Desiderata 

In this tension theory, three special cases should be studied. 
One is the case of negative desiderata or aversions. In this case 
the desideratum, V, although referred to as negative is treated 
with its normal sign, i.e., positive if there is any amount of it 
greater than zero, and negative when less than zero, as in debt. 
The descript may have a minus sign attached to denote that it is 
negatively valued. The desire, D, becomes negative in aversions 
passing through zero when the attitudes are neutral, neither desir- 
ing nor averting. Consequently, as the population, P, is positive, 
the tension, E, takes on positive or negative values as a tension 
towards more of a positive desideratum and a tension away from 
a negative desiderata. 

P(— D) = V_ v (— E), the case of a negative desideratum 

(Eq. 46, Ch. Y) 

Another special case is when the available desideratum is un- 
limited or at least exceeds indefinitely the desires of the popula- 
tion in that desideratum field (i.e., desiring that desideratum). 
Economic value theory has dealt with scarcity of desiderata. 
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Desiderata that are abundant must also be included in value 
theories. This is a problem for research. At present it is handled 
as a working hypothesis, as in the illustration of an unlimited 
desideratum in religion. Although the available quantity of the 
desideratum is potentially unlimited (such as a “belief”) yet 
actually, there is only a finite amount used or experienced. If 
this finite amount is undeterminable, call it V , and deal with it 
as an algebraic unknown. 

Then dividing V by P gives the average, or per capita, share 
utilized — in whatever imaginable but undeterminable units such 
“shares” may be expressed. The conceptual average share be- 
comes a unit which, by definition of the mean, can be substituted 
for any one person’s share and will give the same result in calcu- 
lations concerning the plurel. The number of these average shares 
is the number of parties sharing, so that : 

V = P (or p | if plurels are the unit) (Eq. 47a, Ch. V) 
and D = E, in the case of an unlimited desideratum 

(Cf. Eq. 42) (Eq. 47b, Ch. V) 

For when Eq. 47a is substituted in Eq. 34b, Ch. V the V and P 
cancel each other out, leaving Eq. 47b, which states that the 
average desire for the unlimited desideratum equals the societal 
tension towards it. Tension and average desire become the sam e 
thing when there is no limiting scarcity , of the desideratum to 
alter the balance. But, for a constant desire, if the available 
desideratum became scarce, tension would go up; competition 
to get it would become keener; tension and average desire would 
no longer be equal. 

Examples of this treatment of unlimi ted desiderata are numer- 
ous. The economists, stock example of free goods, such as the air 
we breathe, is one. Friendship is another potentially unlimi ted 
desideratum. The average desire for friends in a plurel deter- 
mines the tension towards friendships, the urge to develop friend- 
ships, the societal worth of friendships to that plurel. 

This treatment of an unlimited desideratum is closely related 
to treating it as a qualitative unitary desideratum, V°. (See the 
example of national aggrandizement above.) 

Thus, “friendship” may be taken as a collective unitary de- 
sideratum, V®. Substituting it in Eq. 34b, Ch. V and then into 
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Eq. 36, Ch. V, and remembering that any quantity with a zero 
exponent is one, gives: 

V°E = E = PD = SI D , the case of a unitary qualitative de- 
sideratum (Eq. 48, Ch. V) 

This states that the societal tension towards any qualitative 
unitary desideratum is the sum of the desires of the people con- 
cerned with that desideratum. Thus, the tension towards “friend- 
ships” (a plural noun) is the average desire 27 of the people for 
friendships, while the tension towards “friendship” (a collective 
singular noun) is the sum of those desires. 28 * 

For the cases of unlimited, or of qualitative unitary desiderata 
little is gained by the concept of “tension,” E. The average 
desire, D, is simpler and more direct. But E becomes useful for 
scarce or limited desiderata and for systems of desiderata, and 
the tension theory equation (Eq. 34b, Ch. V) is general to them all. 

5. Systems of Desiderata 

To make this tension theory more adequate in describing com- 
plex societal situations, it should be noted that any of the three 
independent factors, P, D, or V, and the dependent factor, E, 
may be determined on different groups, at different dates, and 
with respect to differing desiderata. 

The case of different dates or periods, l\ 7 involving the time 
sector will be reserved for Chapter X on Change. For the differ- 
ent desiderata in a situation the class script, as usual, specifies 
their number and kind, | v . For the different parties desiring those 
desiderata, the descripts, as usual, specify their number and kind, 
p | p . Each party has its own intensity of desire, D, for each desid- 
eratum, of course. The aggregation of these is symbolized by the 
matrix (using cross-scripts) as : 

t : p (P D = VE)® :p , the matrix equation of the tension theory 

for distributions of valued indicants at dif- 
ferent times. (Eq. 49, Ch. Y) 

The scripts, of course, must be changed appropriately by the 
usual rules of S-notation for cases where periods instead of dates 
are involved C\ becoming t |), and where the plurels are defined 

* For Eq. 47c, Ch. V, Bee notes at end of chapter. 
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by attributes other than the desideratum, | p , and where plurels 
are substituted for persons as the unit of population, P (i.e., P 
shifts to p P). Wherever the scripts denote the singular case of one 
date, one plurel, and one desideratum of primary factors, we have 
the singular case of the tension equation which is Eq. 34b, Ch. V. 

To summarize any situation, an additive combination of the 
aggregated entities may be used as a first approximation. Weight- 
ing, or further refinements in combining, can be worked out as 
needed in particular problems where a system of desiderata 
among many plurels on different dates may be involved. First, 
note that the factors of one equation are defined by the desider- 
atum, not by the plurel. The plurel determines the intensity of 
desire for the desideratum. There may be many plurels and as 
many D’s for one desideratum in one equation with one tension, 
but if more than one desideratum is involved the situation be- 
comes a matrix of as many equations and as many tensions as 
there are desiderata. 

The general formula for a sum of the aggregates in the tension 
theory is : 

2 t:£p(PD = VE)j;° :2p the summational tension theory (in 

t p T t t S-script notation) (Eq. 50a, Ch. V) 

or 2 22 (PD) = 22 (VE)* (in conventional summational nota- 
tion) (Eq. 50b, Ch. Y) 

This may be written in expanded notation for one date (t = 1), 

as an equation of two matrices of order p x v and 1 X v, as 
follows: 


'(PD)* + "(PD)/ +/,/(PD> -f + .,(PD), 

'(PD)>/ + ,,(PD)„ + ,„(PD)„ P d ,(PD)„ 

= 

VE, I 
VE,/ 

11 /(PD),. + /.(PD),. + „,(PD) V . H + p.(PD),. 


VE,- 1 


(in expanded notation) 

(Eq. 50c, Ch. V) 

If written without the plus signs, each row of the left- han d 
matrix might be a frequency distribution in which the intensities 
of the desire, D, are the distributing units at each of the class- 
intervals of which there is a frequency, a P, of the distributed 
units. ^ written with plusses, the row is summed, expressing 
the weighted total intensity of desire for the whole population 
course, the P value in any cell may be zero, reducing the PD 
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in that cell to a nul entry, and so the matrix may actually be far 
more “patchy” than the neat rectangular arrays portrayed above. 

For an example of such a complex situation of a value system, 
consider the Russian Five-Year Plan. The Russian people, P, 
officially desired I v diverse desiderata (see S. 31, Ch. II; S. 22, 
Ch. XI; S. 23, Ch. XII), such as V> = tons of coal mined annu- 
ally, V// = bushels of wheat produced annually, Y m = horse- 
power of electricity available at the end of five years, etc. These 
may be thrown into some common unit, such as percentages of 
increase from some basal period. If the national intensity of 
desire were measured in some crude index, such as the number of 
days of labor to be devoted to the achievement of each desider- 
atum, the equation becomes determinate with its terms known 
from observation. The fact that regional Soviets (plurels) had 
different intensities of desire and differing schedules of producing 
their portion of each total desideratum V is allowed for in the 
s umma tion with respect to p in the columns for the | p Soviets. 
Note that the columns in this illustration are qualitatively dif- 
ferent plurels, | p , and not class-intervals of a frequency distribu- 
tion. Of course it is possible and simpler to write an equation 
for each desideratum for each Soviet. But since all the groups 
and all the desiderata were parts of a unified system, their com- 
bination in some such way as in the matrices (Eq. 50c, Ch. V) 
would seem a truer mathematical description of the situation. 29 

For another example of a system of tension equations consider 
the process of making a budget whether personal, institutional, 
or national. Here the various items of the expenditure half of 
the budget, are the v different desiderata, the quantity of each 
of which is measurable in dollars (or alternatively in percentages 
of a limited total of dollars). The aim of the budget making is 
to equalize the tension towards each of the desiderata. This may 
be represented in the chain equation : 


E' 

— E" 

= E"/ = • • • 

= e t . 

(Eq. 51a, Ch. V) 

D' 

Dm 

D/^ 

D t , 

(Eq. 51b, Ch. V) 

V' 

” Vm 

~ V„, ~ “ 

" Vv' 


(where P cancels out as it is a constant throughout). 

As soon as the budget maker realizes that the intensity of 
desire (such as Dm,) for one desideratum is so large in comparison 
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with the dollars allocated to it (V ///) as to make that ratio exceed 
the others, this excess is reduced by taking dollars from desiderata 
showing subaverage ratios and reallocating these dollars to Vn, 
till D nfjY'tf is equalized with the other ratios. The process of 
determining D is usually crude. In the case of one person, he 
may not verbalize D in any units but merely have a total feeling 
that Vtff ought to get more dollars and that some other item (V x) 
can be pruned a bit. In the case of a group, speakers will voice a 
desire, a canvass may roughly gauge its extent, or a majority 
vote on an amendment will formally show it. These and other 
technics roughly tend to actions equalizing the tensions for the 
various budgeted items, i.e., equilibrating the system. 

Further development of this matrix tension theory will be 
reserved for treatment with the time index included when dis- 
cussing societal forces and control in Chapter XI. 

The chief utility of this tension theory is in the field of societal 
processes. Such processes as “ co-operation,” cc accommodation,” 
6t conflict,” are defined by behavior relative to desiderata. These 
and some thirty others can be more precisely defined by equations 
derived from Eq. 34 or Eq. 49, Ch. V, as described in Chapter X. 
Even the relationships, the static aspects of these processes, can 
be better expounded after the dynamic aspects have been de- 
veloped in the time sector. A critique or attempt to appraise 
tentatively the evidence bearing on this tension theory seems 
premature at this writing. Its utility, or lack of it, in the hands 
of other investigators needs to be explored. Its relations to the 
highly developed theories of value in Economics need to be 
worked out. The economic marginal utility theory, the cost of 
production theory, and others, may shed light which tends to 
corroborate or refute the V-theory offered here for a wider field 
than the phenomena of Economics. But the importance of de- 
siderata for an understanding of societal phenomena is so great, 
that more research is urgently needed in methods of observing 
desiderata more objectively and in the theoretical systemat izin g 
of such data. 


III. S-SITUATIONS 

The definitions and formulae of this chapter may be illustrated 
by the sample of fifteen sets of quantified data which follow. These 
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have been selected from the fifteen hundred such S-situations in 
our photostated collection which were the basic facts from which 
the entire S-theory was induced. 

S. 1 



Descriptive formula: Si = S I : P p 

Legend: 

Si = The situation 

records 

I = a marital satisfaction score 
i| = in 16 class-intervals 

with corresponding 


Quantic number = 0 ; 1 ; 0;1 


P = frequencies of the 221 men and 
women 


in each of 


P = 2 plurels 


actual and 
' marginally, 
selected 
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Comment: 

The formula J. : P is the standard type for a frequency distribution of people 
cm some characteristic. Note the negative skewness of this particular distribu- 
tion curve. 


S. 2 



Ref.: Thurstone, L. L., and Chave, L. F., Measurement of Attitudes, Univ. of Chicago Press, 1929, 
P- 70. 


Descriptive formula: & = J : «? e Pj 


Quantic number — 0;1;0;1 


S 2 = The situation : = with corresponding 

records r c P = relative frequency of persons 

J = 11 class-intervals of attitude i 11 eac ^ 

towards the church | p = 3 religious plurels 

Comment: 

These three distributions of attitudes towards the church, ranging from most 
“pro” at the left to most “anti’ 7 at the right, show Protestants and Catholics, 
with positively skewed curves, and means well on the “pro 7 7 side of the middle 
neutrality point. 
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Ref.: Army Mental Tests (Pamphlet), 1918, p. 8. 


Descriptive formula: S 3 = i: jl : P p Quantic number = 0;1;0;1 

Legend: 

S 3 = The situation . for each of which there are 

records P = the number of persons tested 

I * an intelligence test indicant in each of 

‘ill = in 7 ma i° r and an unstated I - 6 army ran t pixels 

number of minor class-intervals J P 

Comment on notation: 

1. As the size of the class-interval in which the smooth curves are drawn is 
not stated, their number is underlined G|) to denote indefiniteness, as usual in 
S-notation. 

S. 4 


COMPARATIVE HYGIENIC STATUS OF BEDOUIN SAMPLES 


Sample 

N 

Mean Score 

Standard Deviation 

Nomadic Bedouins 

62 

144 

13 

Partially or recently settled Bedouins 

140 

182 

24 

ALaouite peasants “Normal” rural sample 

100 

285 

43 

Armenian refugees, peasants with urban 
background 

32 

321 

39 

Urban sample 

50 

654 

60 


The differences between means are all statistically highly significant. Note the 
homogeneity of Bedouin culture as reflected in the very small standard deviation 
of the nomadic sample. 


Ref.: Dodd, Stuart C,, A Controlled Experiment on Rural Hygiene in Syria, American Press, Beirut. 
1934, p. 311. / 
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Descriptive formula: S 4 = q P P : M,<r I 

Legend: 


S 4 = The situation 

records 


j p = 5 density plurels 

of 


’ nomadic 
to 

urban 


Quantic number = 0;1;0;1 

q | = Arab families 

with corresponding 
Mjtr j = mean and sigma 

of 

I = an indicant of hygiene 


Comment: 

The outstanding finding is that hygienic status correlates highly with popula- 
tion density in this situation: 

I • (PL- 2 ) > 0 


Comment on notation: 

1 . The family is the unit of frequency, and is so denoted by the class-interval 
script, qj • 

2 . The use of the point script to specify the mean and sigma points may be 
noted. 


S. 5 


PROPORTION OF AUTOMOBILES TO POPULATION* 1922 



California i to 5 Mississippi 1 to 27- 

«GHEST RATIO LOWEST RATIO 


• Rtggleman, R. John, Graphic Methods for Business Statistics, McGraw-Hill Book Company, 
1836. p. 23. 


Descriptive formula: S* = (PI -1 ^ 

Legend: 

Ss = The situation 
records 

P = the number of persons 


Qvantic number = 0;9,*0;1 

= per automobile 
in each of 
| p = 2 states 
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S. 6 


FERTILITY OF WOMEN IN DIFFERENT DISTRICTS OF LARGE CITIES 

[ 

! 

j 

Paris 

Berlin 

Vienna 

London 

Verv poor districts 

108 

157 

200 

147 

Poor districts 

95 

129 

164 

140 

Comfortable districts 

72 

114 

155 

107 

Very comfortable districts 

65 

96 

153 

107 

Rich districts 

53 

63 

107 

87 

Very rich districts 

34 

47 

71 

63 


Ref.: Holmes, Samuel J., The Trend of the Race , Harcourt, Brace and Co., 1921, p. 132. 


Descriptive formula: S 6 = T : (P, E,, 1 )? 

Legend: 

Se = The situation 

records 

J I = an ordinal indicant of wealth 
in 6 steps 

for each of which there is a 
corresponding 


Quantic number = 0;1;0;19 

0 = fertility index 
of 

P, = births 
Py, 1 = per woman 

in each of 

|p = 4 cities 


Comment: 

As always, the descriptive formula can be written, if preferred, with numbers 
ins erted in the scripts and the legend simplified, thus : 

Legend: 

S = 6 I : (P / Py 1 ) 4 I = wealth P„ - women 

P, = births | p = cities 

For anyone knowing the standardized rules of S-notation (as codified in 
Appendix II), this legend is fully as informative as the longer one above. 

As usual, the descriptive formula can be rearranged so as to state the findings 
in the data. The outstanding generalizations in this table are: (1) the high nega- 
tive correlation of fertility rate and wealth in every city, and (2) the consistent 
differences between cities where Parisian fertility (P^PyOp' is lowest in every 
wealth class and Viennese (P,?^ 1 )^ is highest in every wealth class. These 
findings stated in symbols are: 

1. I • (PJPy, 1 ) < 0 
2a. x I . (P,P7?) p f <(p",p'») <p"' 

or comparing mean fertility rates regardless of wealth: 

2b. (P ,Py 1 )p'"==p' r +34==p' '+41=p' -1-71-142 
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S. 7 
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UPPER FIFTY STUDENTS 


-NUMBER OF ACTIVITIES 
■CONTINUED ACTIVITIES 





-< — - 













20 

15 

10 


0 Q 

°a 

og 

0Q 


20 

15 

10 

5 


|Q*gi 


1 23456789 123456789 123456789 123456789 

NO. ACTIVITIES MIDDLE FIFTY STUDENTS NO. activities 
ACTIVITIES AND CONTINUED ACTIVITIES 


20 ] 

15 

10 

5 


4 




=t=t 








123456789 

FRESHMAN 









123456 789 
SOPHOMORE 



123456789 

JUNIOR 



^ !■ 


\ fi -L. 


123456789 

SENIOR 


Rtf.: Chapin, Stuart F., “Measuring the Volume of Social Stimuli— A Study in Social Psychology,” 
Social Forces, Yol. IV, No. 3, Mar. 1926, p. 488. 


Descriptive formula: S? = Jb : P p :q 

Legend: 

S? = The situation 
records 

Ii “ 2 indicants of activities 
i( = from 1 to 9 in number 
* = with a corresponding 


Quantic number = 0;1;0;1 

P = number of students 

in each of 
Ip = 2 fertile plurels 

each subdivided into 
!q = 4 classes (Freshman to Senior) 
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S. 8 


QUANTITATIVE METHODS JN POLITICS 


Hypothetical vote on 
question of_high protec- 
tion vs isolation based 
on 1. 


Hypothetical vote on 
free trade based on 
distribution of opinions 
in 1- 


For 


Against 


Hypothetical vote on, 
question of tariff for 
revenue only vs low 
protection, based on 
distribution of 1* 


For high 
protection 


For 

isolation 


Hypothetical vote on 




Hypothetical distribution of votes upon the tariff when the issue is drawn 

in certain forms indicated in Figure 1. 


Ref.: Rice, Stuart A., Quantitative Methods in Politics, F. S. Crofts & Co., 1928, p. 80. 


Descriptive formula : Sa = 'I : z> x ’' °P 

Legend: 

Sg = The situation 

records 

I = an indicant of tariff opinion 
*1 = in 5 ordinal points 

and 

i# | = for each point (i.e., a “state- 
ment”) 


Quantic number = 0;1;0;1 
there is 

P = a cumulative (unstated) fre- 
quency of responders 

z '| = from the upper limiting point 

and 

°| = from the lower limiting point 
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Com merit on notation: 

1. Note the use of a difference in two point scripts to define the range as the 
difference between its upper and its lower limit. In this situation, S 8 , each par- 
ticular point O'!) of the five serves in turn as the middle limit, in being simul- 
taneously the lower limit of the range above it and the upper limit of the 

range below it, O'- 0 !). 

The tops of the columns define two ogive curves (one from lower left to upper 
right, and another from upper left to lower right), which are of the “more than” 
and “less than” type of cumulative distribution curves. 

S. 9 



Ref.: Davis and Nelson, Elements of Statistics, The Principia Press, 1935, p. 28. 


Descriptive formula: S $ = %P : : % I S 


Quantic number = 0;1;0;1 


= The situation is 

a record of 

%P = percentages of the total popu- 
lation 

:: = cross-classified 

with 


%L = percentages of total income 

in 


fi 


y 

= 2 classes < 


“equality” 

and 


{ “actuality” 


If income were equally distributed so that its standard deviation were zero, 
the cumulative percentages of population and income would be equal for any 
particular percentage and perfectly correlated for all the range. 


%I or %L*%P — 1.0 Line of equal distribution 

When the line of actual income is curved, it would be represented by a co- 
efficient of correlatiQn of less than unity. 

For income presented in this double percentage form, the correlation coeffi- 
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cient measures the equality of distribution, r = 1.00 at the limit of perfect 
equality of incomes, and r = 0 at the other limit of maximal inequality, as in 
perfect monopoly. 


S. 10 


We are to t 
kind : Each is 
C ... N) and 
urements or 
bates a, b, c , . 

THE FOUR SYSTEMS 

)e concerned with matrices of th< 
to contain persons in the row (pe 
items such as personality traits, 1 
ittributes in general, in the coll 
. . n). 

Persons 

A B C D .... N 

3 following 
rsons Aj B } 
;ests, meas- 
lmn (attri- 

- 

* b 

CO 

^ r 

1 . . 
£ 

^ n 

The variate 
son A, is reprt 
held througho 

a,X A aX B oXq aXw 

bX A bXs bXc bXtf 

cXa cXb cXc cXn 

A B ♦ * * * . . 

5 of person A for item a, or of iter 
isented by aX a, and the same coe 
ut. 

n a for per- 
notation is 


Ref.: Psychometrika, Vol. 1, No. 3, Sept-, 1936, p. 196. 


Descriptive formula: Sio = p P :: Ii Quantic number = 0;1;0;1 

Legend: 

Sio = The situation I = an indicant 

records of each of 

P = N persons |i = n different kinds 

:: = each having 

Comment: 

This second-degree matrix is an aggregation of n “list-distributions.” It is 
a cross-classification of persons and indicants. 
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S. 11 ( Continued ) 


Descriptive formula: Sn = P p : q : r • M I 

Legend: 

Su = The situation 
records 

Pp = 51 family plurels 
subdivided into 
| q = 2 generation plurels 


Quantic number = 0;1;0;1 
and 

| r = 2 sex subplurels 
with corresponding 
M I = mean IQ indicants 


Comment: 

The versatility of the S-formula with its hierarchical scripts is illustrated here, 
in describing in algebraic symbols even the most unusual types of graphs or 
presentations of data. 
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S. 12 


[Pt. Ill 


Natl. 



The middle horizontal line shows the national median, and the other 
two are at the 16th and 84th percentiles of the national sophomore dis- 
tribution. The first vertical bar represents the national group of 8,537 
sophomores from 132 colleges that took this combination of tests, and 
each of the other bars represents an individual college. The wide portion 
of each bar represents the range of scores of the middle half of the sopho- 
mores in each college. The narrow parts extend to the 16th and 84th 
percentiles in each college. The lines at the ends extend down to the 
10th percentile and up to the 90th percentile. The crosses below the bars 
represent the lowest scores and those above represent the highest scores 
in the several colleges. The short cross line at the middle of each bar 
represents the median score of the college. 

While this chart is based entirely on percentiles, the scale has been 
altered to correspond roughly to a sigma scale, so that vertical distances 
are approximately comparable. The sigma scale is derived from the per- 
centile scale. 

The fifteen colleges included here are chosen to represent the 132 that 
gave the tests to sophomores. All types of institutions are represented in 
the fifteen. The numbers of cases vary from 27 to 272. The figures at the 

bottom of the chart refer to the accreditation groups which are described 
later in this report. 


Btf.: Ommi ttee on Educational Testing, Education Record of October 1933 , American Council on 
Kdttc&tron, Washington, D. C. 
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Descriptive formula : S 12 = P p ,s p : *1 

Quantic number — 0;I;0;1 

Legend: 


S 12 = The situation 

each with 

records 

I = an indicant of achievement 

P p = 15 colleges separately 

*| = with the 5 quartile and 4 other 

and 

percentile points specified 

bp = together 


Comment: 



This situation is an excellent illustration of the graphing of dispersion so as to 
compare both different plurels and different measures of dispersion. 
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S. 13 


[Pt.ni 


chi* yxcc 
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34 FLORIDA 

35 DELAWARE 

36 MARYLAND 

37 TENNESSEE 
36 TEXAS 
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45 MISSISSIPPI 
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Rank of state in each of ten educational features, 1910. White 
indicates that the state ranks in the highest 12 of the 48, light 
shading that it ranks in second 12, dark shading that it ranks 
in third 12, and black that it ranks in lowest 12. 
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Comment on notation: 

The quartile rank might be alternatively considered as a class-interval and 
symbolized by , 1 , instead of by the point script as here, 'I, denoting a position 
on an ordinal indicant (ranks) . Although there are four ranks, yet there is only 
one rank corresponding to a particular State and indicant. 

The date is omitted for simplicity until discussed in a later chapter. 

S. 14 


RANKING OF COTTAGES ACCORDING TO THE SUM OF ATTRAC- 
TIONS AND REPULSIONS IN PERCENTAGES 


Cottages Attractions Repulsions 

Cll 85.5% 14.5% 

C4 77.0% 23.0% 

C5 77.5% 22.5% 

C13 74.0% 26.0% 

C9 69.0% 31.0% 

C A 69.5% 29.5% 

C14 67.0% 43.0% 

CB 65.5% 34.5% 

C7 65.5% 34.5% 

CIO 66.0% 34.0% 

C6 58.5% 41.5% 

C12 58.5% 41.5% 

Cl 58.0% 42.0% 

C2 52.0% 48.0% 

C8 47.5% 52.5% 


Ref.: Moreno, J. L , Who Shall Survive ? Nervous and Mental Disease Publishing Co., 1934, p. 101. 


Descriptive formula: Su = P p : %Ii 

Legend: 

Si 4 = The situation 

is a record of 
P p = 16 cottage plurels 

with a corresponding 


Quantic number = 0 ; 1 ; 0;1 

%I = percentage indicant of attitude 

U == of 2 kinds (attraction, repul- 
sion) 



292 


THE POPULATION SECTOR, gPg 

S. 15 
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I Sz. 


I 9rr L 


I c+ I 


J 


<M 


Laborer 

Gen, miner... 

Teamster 

Barber. 


a« 


Horseshoer, ■ 

Brickkyet - 

Cook i ■ . — 

Baker 

Painter — — 

Gen. blacksmith 

Gen. carpenter 

Catcher 

Gen. machinist — 

Hand riveter - 

Tel. and tel. lineman 

Gen. pipefitter — 

Humber..., _ 

Tool and gauge maker 

Gunsmith 

Gen. mechanic. , 

Gen. ante repairman 

Anto engine mechanic 

Auto assembler 

Slip carpenter... 

Telephone operator 


c-H 


Concrete const, foreman 

Stock-keeper 

Photographer 

Telegrapher. 

B. EL derk 

Filing clerk 

Gen. derk 

Army muse 

Bookkeeper 


Dental officer. 

Mechanical draftsman. 

B 'l Accountant 

Civil engineer 

Medical officer. ...... 




A-s Engineer officer. 


D- 


D 


C- 


C + 


Mental test rating of 18,423 men by occupational groups. The length of the 
bar indicates the range of the middle fifty percent of each group. The cross- 
bars indicate the median scores. How much of such social stratification is due 
to inherited mental level and how much to environmental factors is one of 
the most profound problems of the age. (From R. M. Yerkes, u Psychological 
Ex a mining in the U. S. Army,” Memoirs, National Academy of Sciences, 
Vol. XV, 1921.) 


R *f- : H a nkins , Frank H., An Introduction to the Study of Society, Macmillan, Rev. Ed-, 1935, 
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Descriptive formula: Si 5 = i(Pp * q I) 

Legend: 

Si 5 = The situation 

is a record of 

P = 18,423 persons in U. S. army 
grouped into 

p = 40 occupational plurels 


Quantic number = 0;1;0;1 

and these grouped into 
i| = 5 letter grades of intelligence 
with their corresponding 
q I = 3 quartile-points of mental test 
rating 


Comment on notation: 

The fact that the class-intervals of the indicant also control the grouping of 
the occupational plurels is suggested by writing the i| outside the parenthesis, 
so that it operates upon the P as well as upon the I. 


III. NOTES 

1 . A societal distribution of a characteristic is thus defined by the quantic 
formula: 

j+i.p+i = quantic formula of a societal distribution of a characteristic 

(Eq. 2 , Ch. V) 

pP : I = a list-distribution of persons (Eq. lb, Ch. V) 

An example of such a list of scores is given in algebraic symbols in each row 
of S. 10, Ch. V. The list may be of the indicants of an aggregation of plurels, 
as in S. 4 , 12 , 13, 14, 15, Ch. V, and the formula for this is: 

P p : I = a list-distribution of plurels (Eq. lc, Ch. V) 

il : p P = a frequency distribution of plurels (Eq. Id, Ch. V) 

(See S. 1 , 2 , 7, 8 , Ch. V, for examples.) 

Note that in the list-distribution the population index dominates, i.e., it is 
the independent variable for each of whose values the corresponding (statisti- 
cally dependent) variable is recorded. In the frequency distribution the indicant 
dominates (as symbolized by its preceding the colon) and the population index 
is dependent (as shown by its following the colon) . 

The societal frequency distributions are defined by having persons or plurels 
as the uni ts of frequency. Of course, in biological and physical fields distribu- 
tions may have indicants as units of frequency. Also, the distributions above 
are of characteristics (i.e., not of time and space). Temporal distributions of 
population, as in a population pyramid, and spatial distributions are classified 
by their quantic formula into Chapters VIII and IX respectively. The general 
formula for a frequency distribution, whether societal or not, whether in the in- 
dicatory sector or not is: 

i(I), : I„ = general formula for a frequency distribution (Eq. 3, Ch. V) 

in which the index (I) is any function of time, space, population, or indicants. 
In the frequency distribution, the units of the independent index preceding the 
colon, may be termed the “distributing units,” and the corresponding units of 
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the dependent index which follows the colon may be termed the “distributed 
units,’ 5 or units of frequency. 

A special case occurs in distributions of plurels-by-size, where the distributing 
and distributed units are both parties. The formula here is: 

p: 2 qP = a distribution of plurels-by-size (Eq. 4, Ch. V) 

This is a condensation for p P : sqP, which states that for every class-interval 
of persons there is a corresponding number of plurels. For example in S. 11, 
Ch. IV, the plurels are families, q |, specified in size as having one to four wives, 
p P. The condensation follows the usual notational principle in S-theory, of 
expressing all primary indices of one sector by means of descripts attached to 
the single capital base letter which denotes the type of index. 

In terms of matrices, a distribution is one array. It is a first-degree matrix 
as shown by its one multiple aggregative descript. It is of order 1 X p | for the 
list of persons type, of order 1 X | p for the list of plurels type, and of order i| X 1 
for the frequency types. Thus, in S. 10, Ch. V, each row is a list-distribution of N 
persons ( p j = N in this S). The row is an aggregation of N persons whose scores 
are the N cell entries. The whole second-degree matrix of this S. 10, Ch. V is 
an aggregation of n list-distributions of the n different indicants. (In S-notation, 
ji = n, in this graph.) 

Vectorially, an array of a matrix is termed an array-vector. Any distribution 
then may have as its vectorial formula, in S-notation: 

IP ? = vectorial formula of a distribution (Eq. 5, Ch. V) 

By this hypothesis, the indicant is the vector whose direction is given by the 
implicit attribute (see Eq. 9, Ch. Ill), and the P is a pure population whose 
plurels are defined by the class-intervals of the indicant and are scalar units or 
coefficients weighting the class-interval units of the indicant vector. This 
hypothesis is untested and its utility, if any, is unknown. It is recorded here 
simply to include a possible geometric interpretation for all of the S-theory. 

From another geometric point of view the distributed units, or frequencies of 
a distribution can be represented as units of area under the curve of that dis- 
tribution, while the distributing units measure the abscissa. For a given type 
of distribution curve, such as the normal curve, the area between given or- 
dinates (i.e., between specified points on the distribution indicant) is the prob- 
abiltiy of the occurrence of parties in that interval. When the whole area under 
the curve (i.e., the total population) is taken as unity, any subarea between 
ordinates is expressed as a proportion of unity which is the coefficient of prob- 
ability. 

2. A moment of any order about the mean is defined by: 

* 

pn = ^ (Eq* 6 > ch * v) 

For a model of a weighing device to calculate the first and second moments 
by using the physical angular moments or moments of force, see S. 20, Ch. VI. 
Fear the formulae for the statistical moments, their standard errors, and their 
commoner functions, see Ref. 22, pp. 110-112. 
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3. A negative exponent as on the P does not affect the dimensionality. It is 
ignored in reckoning the dimensionality. It denotes a divisor which merely 
changes the size of the units in which the dividend is expressed. Vectorially, 
since division by a vector is ambiguous and debarred in vectorial algebra, any 
index with a negative exponent must be considered as a scalar quantity, a mere 
coefficient. 

4. A general formula for the weighted mean in a population of persons, in 
S-notation, is: 


/TO + 2 W 2 I e b WI e \ 1 / e 

MI = ( - i W + 2 W+ ,,.p W ) (Eq. 12a, Ch. V) 


When the weight indicants, W, are unities this simplifies to : 



which when: 


(Eq. 12b, Ch. V) 
(Ref. 58, p. 6, 7) 


e = — oo M I = A I, the minimal I or lowest limit of the indicant 

(Eq. 12c, Ch. V) 

e = -1 M I = the harmonic mean (Eq. 12d, Ch. V) 

e = 0 M I = the geometric mean (upon evaluating indeterminate quantities) 

(Eq. 12e, Ch. V) 

e = +1 M I = the arithmetic mean (cf. Eq. 8, Ch. V) (Eq. 12f, Ch. V) 

e = +2 M I = the root mean square, = <r if I = 1-M I (i.e., if I is in units of 

deviation from the mean) (Eq. 12g, Ch. V) 

e ~ +3 M I = Sk 2 a mean measure of skewness (provided I is in sigma units) 

(Eq. 12h, Ch. V) 

e = + co M I = Z I the maximal or upper limit of the indicant (Eq. 12i, Ch. V) 
The standard error of the arithmetic mean, M, due to random sampling is: 

"M = 'IP"- 5 (Eq. 13, Ch. Y) 

For other measures of central tendency, such as the median and the mode, 
and for the properties and computation of all the indices of distributions, the 
student should study a standard textbook in Statistics. 

5. The equation of this curve is : 

y = .3989/(2.7182) the normal probability curve in terms of unit-area 

and unit-sigma, i.e., P = I and cr = 1 

(Eq. 15, Ch. V) 

In this equation y is the ordinate, a I, the abscissa in sigma units. The areas 
under the curve between any two ordinates are proportions of the population. 
These quantities are tabulated in the table of the normal probability integral 
so that for given amounts of a characteristic the corresponding proportion of 
the population, or probability for a person, may be read off. 

6. The student beginning quantitative sociology should distinguish the con- 
notations of the terms “ standard deviation” and “standard error.” The former 
is usually an observed quantity, calculated from the data of a given distribution 
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by Eq. 9, Ch. V. The latter is a quantity calculated by a formula which is spe- 
cific to the index of which it is the standard error. The scripts attached to a 
sigma show whether it is a standard deviation of a distribution of observed data 
or a theoretic standard error of sampling of an index. For example the standard 
errors of Eqs. 8-11, Ch, V, are: 

a. = ‘TP - * 5 = standard error of an arithmetic mean 

(Eq. 16a, Ch. V) 

b. c o = *1(2?)" - 5 = standard error of a standard deviation of a normal 

distribution (Eq. 16b, Ch. V) 

c. 'Ski = 2.4495P - - 5 = the standard error of an index of skewness 

(Eq. 16c, Ch. V) 

d. % = 4.899P~- 5 = the standard error of an index of kurtosis 

(Eq. 16d, Ch. V) 

Note that the standard error, measuring unreliability of any index, varies in- 
versely with the square root of the population, '(I) a 1/PA Thus, to cut a 
standard error in half, the population observed must be quadrupled; to cut it 
to one third requires nine times the original population, etc. 

7. The statistical significance of any difference is the ratio of the difference 
to its standard error. If this ratio is three or greater it is conventionally called 
significant, as the probability table shows that it would occur by chance about 

once in a thousand samples. In the example above of a difference between means 
of plurals : 


If *( M Ip'- P ") > 3 the difference is significant (Eq. 17, Ch. Y) 

(In cross -script notation, M I P '_ P " states the difference in mean indicants M I 
of plurels | P ' and j P ") 

The standard error of such a difference in mean indicants is: 

- (<rp' + <rl")' s P- 5 (Eq. 18a, Ch. V) 

The general formula for the standard error of a difference in indicants which 
are not means and which may be correlated is : 


= (a? + a - 2r„,ff,a„)- E (Eq. 18b, Ch. V) 
8. See S. 3, Ch. XII. Note that the correlation coefficient is a product-moment 

reduced to sigma units of the variables correlated, - 2IJ .. = _ r * „ 

P ff I ff J P 

coefficient of determination, r 2 , and the coefficient of nondetermination, k 2 , add 

up by definition to 1, they are more correctly interpreted in percentage terms 

than b legitimate for the coefficient of correlation (r) or the coefficient of aliena- 
taon (k). 

S* The standard S-notation for percentiles is : 


»: t-P - the number of persons in each of p equal class-intervals to each of which 
correspond a particular class-interval of the indicant 

* '■ vl = “ indicant classdntervals corresponding to the p equal plurels. 
For percentiles, P | = 100; for deciles, p | = 10;forquartL/ P | = 4, etc. 
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10 . The formula for monopolistic dispersion is: 

max. <v = SIvP - ' 5 = M IvP ' 5 Dispersion in a monopoly (Eq. 19a, Ch. V) 

i.e., the situation of a maximal sigma. M I V is here the mean amount of the indi- 
cant held by the population P, times the square root of P. The subscript v iden- 
tifies the indicant as a value-indicant, i.e., an indicant of some desideratum, 
since usually, monopoly is of societal interest only for things which are desired 
The derivation of this sigma of a monopoly is: 


If, as usual, p T — the quantity of the indicant possessed by one person 

p 

21 = SI = the total quantity possessed by all persons 

M I = SIP -1 = the average quantity possessed by the population, P 
The standard deviation using the formula for an arbitrary origin is : 

p 


<r v = [2( p, I) 2 P 1 — ( M I) 2 ]* 5 = sigma of the indicant (Eq. 19b, Ch. V) 


Now in monopoly one persons p T = 21 and for every other person q I = 0, 
hence 2( p T) 2 P~ 1 = (2I) 2 P -1 , and Eq. 19b becomes: 


£T V = ((SI) 2 ?” 1 - (2I 2 P- 2 ))-5 = SIP-^P - 1)*5 = MI(p _ !).5 

Accurate sigma of a monopoly (Eq. 19c, Ch. V) 


Whenever P is large enough so that the difference between it and P — 1 is 
negligible, we may write c r v = M IP. 5 , which is Eq. 19a. For P = 50, the error 
of the approximative formula, Eq. 19a, is 1%; for P = 25, the error is 2%. 

11 . For examples of dissimilarity see S. 19, 23, 35, Ch. X. 

For examples of dispersion see S. 44, Ch. X; S. 21, 26, Ch. XII. 

For examples of variation see S. 13, 15, Ch. V; S. 34, Ch. VI; S. 25, Ch. X; 
S. 66, Ch. X (definitions vague). 

12. Dudycha seems to identify the normal curve with a mesokurtic one. Hip 
conclusions assert normality, which he tests nowhere (see Eq. 22a, Ch. V), 
when they should assert mesokurtosis only. It may also be noted that, even with 
mesokurtosis established, Allport’s assertion may still be true that the double 
J-curves of non-telic conforming behavior are positively accelerated in both 
slopes. Best fitting curves and their goodness-of-fit coefficient would be a further 
useful research upon these distributions. 

Dudycha tested for kurtosis by the interpercentile formula which is briefer, 
but usually less rigorous, than using the fourth moment as in Eqs. 11 and 16d, 
Ch. V. Kelley’s interpercentile formula (Kef. 35, p. 77), which he uses, is: 


Ku — Q/D the interpercentile measure of kurtosis (Eq. 22a, Ch. V) 


where Q = the quartile and D = the 10 to 90 percentile 
°Ku = .27779P- 5 

where Ku = .26315 = mesokurtosis 
Ku > .26315 = platykurtosis 
Xu < .26315 = leptokurtosis 


range 

(Eq. 22b, Ch. V) 
(Eq. 22c, Ch. V) 
(Eq. 22d, Ch. V) 
(Eq. 22e, Ch. V) 
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Allport's test of conformity was that 50% of the population (or of the instances 
observed) should fall in the extreme or completely conforming class-interval 
(as in Catholics genuflecting “ completely” in church vs. kneeling “halfway” vs. 
not kneeling). Dudycha refines this to equate the last term of a geometric series 
to half the population, shows that a geometric ratio, r, of 2 is the boundary of 
“ conforming,” and also defines Allport's J-curve. Both authors seem to have 
neglected the vital effect of the number of class-intervals, if their criteria are 
to be generalized, for data in three class-intervals might have such a frequency 
in the “ conforming” class-interval as to pass their criteria of conformity, but 
when expressed in six class-intervals it might have less than half the chance of 
passing the criteria. To allow for this, the criterion should be stated in terms, 
not of the extreme class-interval, but of some proportion of the range, perhaps 
1/5, at the conforming extreme. With this correction Dudycha's formula in 
S-notation is: 

</ ~* 0/B / Ir 4 = r ,P = a criterion of conformity defining Allport's J-curve hypothesis 

in terms of a geometric series of 5 class-intervals 

(Eq. 23, Ch. V) 

In this, the particular extreme class-interval, ,|, of the indicant I, (Allport's 
“telic continuum 3 ’), which is defined by one fifth of the interval between the 
points that limit its range, /_ *'|, and multiplied by the geometric ratio, r, of the 
series of 5 class-intervals, is equated to a percentage of the population, % P. 
Instead of Allport's fixed point (.5P) making the dichotomy of “conforming” 
or “non-conforming,” it would be better to express the degree of conformity 
by stating the observed numerical coefficient of P as a “percentage of conform- 
ity,” ^P. Allport’s criterion ciP = 50% means “a majority conforming.” 

This percentage of conformity criterion is in line with modem non-Aristotelian 
logic in science. The Aristotelian law of identity, that all is A or not-A, is being 
found an increasingly inadequate approximation to truth. There are degrees 
of identicalness. (See Ref. 36.) Probability and correlation coefficients and 
numerous other measures express degrees of similarity with identity as a limit. 
The facile dichotomizing of truth into “true” and “not true” should be out- 
grown in scientific thinking. 

Social scientists need to get beyond the primitive thought habits of all-or-none 
indicants and think in terms of calibrated cardinal indices as far as these can 
be developed. When this is done, the conventional defining of a point on such 
an index to set boundaries between class -intervals, as Allport's criterion aimed 
to do, is both desirable and necessary. 

Note added to galley proof January Wifi: 

The comment above on Allport's hypothesis was penned along with the rest 

of Chapter IV some three and a half years before this volume will reach pub- 
lication in print. 

Subsequent research reported in the sociological literature has developed the 
hypothesis much further. This comment is not deleted here, however, as it 
serves both to illustrate S-theoiy notation and the primitive dichoto miz ing 
habits of man y social scientists. 
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13 . These types of distribution curves have been charted by Kar l Pearson 
and others. For an excellent resume of the chief types, their equations, prop- 
erties, and identifying criteria see Ref. 35, Ch. VII. 

For example, the criteria identifying the simplest types which are most fre- 
quently used in sociology are: 

ft = 0, ft = 3 = criteria for the normal curve (Eq. 24a, Ch. V) 

ft = 0, ft = 1-8 = criteria for the rectangular distribution (ranis, *1) 

(Eq. 24b, Ch. V) 

ft — — 1 = 0 = criteria for the two-category distribution (all-or-none, 2 I) 

(Eq. 24c, Ch’. V) 

ft = 0, ft = 1 if the two categories are of equal frequency (Eq. 24d, Ch. V) 
ft = 0 is the criterion of all sy mm etric curves as in asymmetric curves ft ^ 0 

(Eq. 24e, Ch. V) 

The general procedure to find the type and equation for given data is to cal- 
culate ft and ft by Eqs. 10 and 11, Ch. V, and find the corresponding point or 
line in Chart XVTII, p. 127, of Ref. 35, with due regard for approximateness 
shown by the appropriate standard errors. 

14 . This hypothesis that evolution is a trend towards the stable has an in- 
teresting parallel in the physical principle of entropy expressed in the second 
law of thermodynamics, that free energy in the universe tends to become less 
and less. It becomes cumulatively bound or made unavailable in the equilibria 
of closed systems which are stable. Is normality of distribution a biological 

working out of this principle of entropy? Here lies a field of research between 
Physics and Biometrics. 

15 . For an amplification of the scientific definition and measurement of 
desiderata see Ref. 14. 

16 . The above definition of minimality and list of the chief types may be illus- 
trated by more than one fourth of the S-situations presented in this volume. 
These are tabulated below in a list giving the general characteristics socially 
valued and the index measuring it. As none of these characteristics have had 
their value experimentally determined by measuring their desirability to the 
plurel of these situations in which they are a social problem, their identification 
is somewhat subjective. There would be general agreement that malaria is 
undesirable, but views on polygyny, armaments, and anti-free-speech laws 
wo probably be more controversial in some plurels. Wherever there is great- 
est uncertainty as to the percent of people to whom a characteristic would be a 
P 0 ® 1 *™ 6 or a negative value, it is so indicated by a “7” in the footnote column. 

About 87% of the 88 situations in this sample involve a population explicitly. 

ut one eighth of the situations involve the characteristics of a social problem 
u ave so remote a reference to a social problem plurel as to be written with 
thepopulation as nul (i.e., with a fourth quantic digit of 0). These are marked 
o m tne footnote column. 
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EXAMPLES OF MINIMALITY 
in the 300 S-situaiions of this volume 


S-sit nation, Positively or Negatively 

No. and Valued Characteristics 

Chapter 

Domestic: 

S. 3, Ch. II Divorce 

S. 3, Ch. IV Social security 

S. II, Ch. IV Polygyny 

S. 1, Ch. V Marital satisfaction 

S. II, Ch. X Miscel. deficiencies 

S. 43, Ch. XI Falling birth rates 

S. 5, Ch. XII Marital adjustment 

Medical ( and vital): 

S. 18, Ch. II Safety 

S. 30, Ch. II Hygiene 

S. 12, Ch. Ill Sanitation 

S. 3, Ch. IV Social security 

S. 9, Ch. IV Defects 

S. 6, Ch X Defects and mortality 

S. 7, Ch. X Mortality 

S. 9, Ch. X Injuries 

S. 12, Ch. X Mortality 

S. 34, Ch. X Infant mortality 

S. 43, Ch. X Sickness cost 

S. 62, Ch. X Yellow fever 

S. 82, Ch. X Infant mortality 

S. 85, Ch. X Sickness of pupils 

S. 19, Ch. XI Malaria 

S. 7, Ch. XI Diphtheria 

S. 42, Ch. XI Mortality 

S. 13, Ch. XH Mortality 

S. 11, Ch. XII Illness by income 
S. 18, Ch. XIII Insanity 


See Index Quantic 

Foot - Measuring the Number 

notes Characteristic 

3 Marriages /divorce 8;0;0;19 

6 Plurels aided 0;0;0;1 

7 % families 0;0;0;19 

I Scores 0;1;0;1 

2, 6 Families by types 9;0;0;1 

2, 3, 7 Confinements /10 fam- 
ilies 81 ;0;0;1 

1 Scores and attributes 0;2;0;1 

1 Deaths /passenger 9;0;9;1 

miles 

1, 3 Scale scores 9;1;0;1 

6, 8 Scale scores 0;1;0;0 

6 Plurels aided 0;0;0;1 

1 % persons by types 0;0;0;1 


1 % persons by ages 9;0;0;1 

2 Population by causes 9 ;0 ,*0 ;1 

2 % by causes and sex 9;0;0,T 


1 % by countries 9;0;0;1 

2 % 9;1;0;1 

1 % families, % cost 9;1 ;0;1 

3,4,8 Area 9;0;2;0 

2 % by classes 19;0,*0;1 

2 No. and % absent 2;0;0;1 

5 Doctor’s visits 8;1;0;1 

5 Cases 8;0;0;1 

2, 3 Deaths /pop. by ages 81;0;0;1 

1, 2 Deaths /pop. by ages 

and diseases 19;0;0;1 

1, 2 Cases /pop. by ages 6;0;0;1 

3 Index number 9,*0;0;1 


Economics: 

S, 4, Ch. II Unemployment 2 

S. 32, Ch. II Standards of living 6 

S. 3, Ch. IV Social security 6 

S. 4, Ch. IV Waste 1 

S. 8, Ch. IV Technological displacement 2 

S. 9, Ch. V Unequal income 6, 7 

S. 27, Ch. VI Unemployment 2 

S. 14, Ch. X Unemployment 3 

S. 36, Ch. X Distribution of income 1 

S. 43, Ch. X Sickness cost 1 

S. 30, Ch. XII Cost of social services 3 

S. 32, Ch. XI Costs of living 2, 3 

S. 20, Ch. XII Distribution of income 1 


Weeks of duration 2^),*0;1 

Pop. and production 

% 8;1,*0;1 

Plurels aided 0;0;0;1 

Man power 0;0;0;1 

Workers displaced 0;0;0;1 

% pop. and % in- 
come 0;lj0;l 

% 0;2,*0;1 

Population 9,*0;0;1 

% families, % income 9 ;1 ;0;1 

% families, % cost 9;1,*0;1 

Dollars per capita 8;1;0;9 

Index numbers 8;1,*0;1 

Dollars 9;1;0;1 
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EXAMPLES OF MINIMALITY— (Continued) 
in the 300 S-situations of this volume 

S-situation Positively or Negatively See Index Quantic 

No. and Valued Characteristics Foot- Measuring the Number 

Chapter notes Characteristic 

Economics: — (Continued) 

S. 7, Ch. XII Poverty cycle 2,3 Sigma 1;1;0;1 

S. 18, Ch. XII Pauperism 3 Indices 9;0;0;1 

Political ( and legal): 

S. 13, Ch. II Armament 6, 7, 8 Dollars for education 0,*1;0;0 


S. 13, Ch. Ill Armament 
S. 2, Ch. IV War casualties 
S. 7, Ch. VII Underworld government 
S. 17, Ch. VIII Free speech 

S. 50, Ch. X Murder 

S. 24, Ch. X War 

S. 28, Ch. X Crime 

S. 63, Ch. X Lynching 
S. 74, Ch. X Crime 
S. 82, Ch. X Legitimacy 

S. 15, Ch. XII War 

S. 18, Ch. XII Delinquency 

S. 25, Ch. XII Robbery 

Racial: 

S. 2, Ch. VII Prejudices 
S. 1, Ch. VII Prejudices 
S. 12, Ch. VII Prejudices 
S. 50, Ch. X Attitudes 
S. 63, Ch. X Lynching 
Educational: 

S. 13, Ch. V Features of school systems 
S. 12, Ch. V Achievement (academic 

systems) 

S. 29, Ch. VT Abilities of the feeble- 
minded 

S. 30, Ch. VI Failures in college 
S. 32, Ch. VI Failures in college 
S. 9, Ch. IX Truancy 
S.70, Ch. X Intellectual development 
S. 85, Ch. X Absences 
S. 4, Ch. XII Failure in college 
S. 21, Ch. XII Abilities of the feeble- 
minded 


6, 7,8 

Dollars for farming 

0;1;0;0 

2 

Persons 

0;0;0;1 

6 

Attributes of names 

0;0;0;2 

4,7 

Attributes of legisla- 



tion 

0;1;2;0 

2 

% by sex and race 

9;0 ;0;2 

6,8 

Dollars 

9;1;0;0 

6,8 

Index 

9;1;0;0 

1,4 

Persons by States 

9;0;2;1 

2 

Arrests by age 

19;0;0;1 

2 

Infant mortality by 

' 

classes 

19;0;0;1 

3 

War years /century 

91;0;0;1 

3 

Index numbers 

9;0;0;1 

3 

Cases 

8;l;0;l 

7,2 

Ordinal attitude in- 



dicant 

0;1;0;2 

1,7 

Cardinal social dis- 



tances 

0;1;0;2 

1,7 

Ordinal social dis- 



tances 

0;1;0;11 

2 

Murders by sex and 



race 

9;0;0;2 

1,4 

Persons by States 

9;0;2;1 

1 

Rank by States 

0;1;0;1 

1 

Scores by colleges 

0;1;0;I 

2 

Test scores 

0;2;0;1 

1 

Scores and %’s 

0;2;0;1 

1 

Scores and %’s 

0;2;0;1 

2, 3 

Days absent 

1;1;0;1 

1, 3,4 

Score 

9;l;2;l 

2 

% Sick 

2;0;0;1 

1 

Rank and %’s 

0;2;0;1 

1 

Test scores 

9;1;0;1 


Recreational: 

S. 2, Ch. II Leisure 


3 


Hours of. work 
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EXAMPLES OF MINIMALITY— {Continued) 
in the 300 S-situaticms of this volume 


S-situaiion Positively or Negatively 

See 

Index 

Quantic 

No. and Valued Characteristics 

Foot- 

Measuring the 

Number 

Chapter 

notes 

Characteristic 


Esthetic: 

S. 1, Ch. Ill Noise 

6,8 

Attributes 

0;0;0;0 

S. 18, Ch. VIII Soot 

4,8 

% deposited 

0;1;2;0 

Ethico-religious: 

S. 12, Ch. II Interreligious attitudes 

I 

Cardinal social dis- 
tance scores 

0;1;0;2 

S. 24, Ch. II Motivation in work 

1 

Ordinal types 

9;1;0;2 

S. 4, Ch. IV Vice 

1 

Persons involved 

0;0;0;1 

S. 10, Ch. IX Honesty 

1 

Scores from tests 

1;1;0;1 

S. 18, Ch. X Beliefs 

1,3 

% endorsers 

9;0;0;1 

Linguistic: 

S. 2, Ch. VIU Diversity of languages 

4 

Geographic areas 

0;0;2;0 

Communal: 

S. 21, Ch. VIII Civilization 

1,4,8 

Ordinals by regions 

0;2;2;0 

Dmsitive: 

S. 12, Ch. VIII National density 

1,4 

Pop. /square mile 

0;0;2;1 v 

S. 14, Ch. VIII National agricultural 

1,4 

Pop. /arable square 

density 


mile 

0;0;8;1 

0;0;2;1 

0;0;8;1 

S. 10, Ch. VIII Continental density 

6,4 

Population 

S. 15, Ch. VIII Housing density 

2 

Persons /room 


Key to digits in the “ Footnote ” column 

1 = situations presenting a distribution of a valued index in which the lowest negative 

deviates are the “minimals,” the social problem plurel as we have defined it 

2 — situations presenting characteristics of a population of minimals 

3 = situations presenting a change of characteristics of a population of mini mals 

4 = situations presenting regional distribution of a population of minimals 

<5 ~ situations presenting therapy of a population of minimals 

6 = situations presenting some discussion of a population of minimal s 

7 = situations presenting doubtful evaluation, depending on the plurel which evaluates 

5 = situations presenting nul populations, i.e., emphasizing the valued characteristic 

rather than the plurel characterized 

17. A deeper issue is here involved. Since people participate in, as well as ob- 
serve, societal phenomena, “discovery” (connoting observation by a third party 
of something already existing) may be less accurate a term than “creation,” 
connoting an interaction between research invention (or something previously 
non-existent in that particular form) and its application (which brings it into 
existence in hu man experience just as truly as Columbus’ discovery of a new 
world). 

Tins hypothesis of a natural range (or more accurately, a normal range) 
illustrates one concept of “natural law” in the social sciences. In the physical 
sciences man, as an outside observer, notes and states the unif ormities (or lack 
of them, or degrees of them) that exist under specified conditions which he usually 
manipulates in experimental set-ups. In the social sciences, as a participant 
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element in the phenomena observed, man may passively observe existing uni- 
formities, but he may also create them. Cultural phenomena, such as the dis- 
tribution of wealth, may not be entirely normally distributed. (In the United 
States when incomes are stated in log units, a normal curve has been found to fit 
well up to the top 15% or so (Ref. 57, p. 522).) But if a normal distribution 
were adopted as a value, i.e., a standard (because of its biological frequency of 
occurrence and reasonableness on many grounds), steps to control deviations 
from it could be taken by society and the law of the normal curve would tend 
progressively to “hold good,” i.e., to describe the existing phenomena. System 
and order in the social sciences and the consequent prediction and control of 
human welfare are more likely to be achieved than to be discovered, to be pur- 
posefully created by conforming to valued norms than to be passively observed 
as already existing. 

Nor is this philosophy different in kind from “law” in the physical sciences. 
The neat mathematical law of gravity, for example, has never been observed in 
its perfection for objects on the surface of our earth. It is complicated by air 
resistance, and only as this is experimentally diminished, is the mathematical 
law approached. Laws are abstract statements of potential relationships which 
occur only under specified conditions and man, by modifying those conditions, 
makes the law operate, i.e., observes it in its relatively pure and exact form 
and not simply as a “tendency towards.” Similarly, normality of incomes is a 
potential, mathematically-stated social law which may or may not be made 
operative in its pure form, depending on whether or not man modifies the pre- 
requisite conditions. The tendency to normality of incomes is comparable to 
the tendency for objects to attract each other as their masses and inversely as 
the square of the distance between them. Each is a tendency imperfectly realized 
whenever other obscuring variables are present in the situation. The excellence 
of the law is proportional to (a) some measure of the strength of the tendency, 
i.e., the relative importance of the obscuring variables, and (b) our ability to 
control, or at least measure, each of these obscuring variables. This last test (b) 
is what makes the physical laws, in general, more excellent than social laws. 
The excellence of scientific “laws” is thus seen more as a function of the com- 
pleteness of our knowledge of the phenomena than as a function of the nature 
of the phenomena themselves. 

To avoid confusion, law as a “tendency,” a summary statement of an existing 
situation with all its attendant irrelevant or complicating variables, and law 
as a principle, a statement of a potential situation abstracted out of its com- 
plicating variables, should be distinguished. 

18. The population of the world for 1930 is estimated in the Encyclopedia of 
the Social Sciences (Ref. 38) at 1,901,380,000. Estimates for 1938 run up to 
2.2 billions. The chances of exceeding a range of 12.5<r in a normal curve are 
by Conrad and Krause's table (Ref. 37), .8 in 2 billion or .88 in 2.2 billion 
(i.e., 4 X 10~ 10 ). This is less than one person, and dividing it by 2, to get the 
probability of a person occurring at either extreme of the curve, gives .4 persons 
in 2 billion (.44 in 2.2 billion) which is less than half a person. 

19 . A beginning of this research on the dispersions of human characteristics 
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has been made by Wechsler (Ref. 79) in collecting published distributions of 
physical, physiological, and psychological measurements of adults. His striking 
finding is that the ratio of the highest ability to the lowest ability averages 2 to 
1, with a very small scatter from the lowest ratio of 1.45 : 1 up to the highest 
ratio of 3.23 : 1. His hypothesis is that this ratio of 2 : 1 represents a “natural 
constant.” The units varied over pounds, inches, actions per minute, cubic 
centimeters, months of mental age, or 'vibrations per second. The human capac- 
ities measured were: 


Weight of body 
Weight of brain 
Weight of heart 
Cranial capacity 
Strength of grip 


Blood pressure 
Pulse rate 
Vital capacity 
Respiration rate 


S. reaction time 
Audible pitch 
Snellen acuity 
Intelligence quotients 
Binet mental age (both 
sexes for age 9) 
Memory span 


He calculates the ratio of highest to lowest ability using the natural zero 
point of these scales as origins, and, by either dividing the highest score by 
the lowest (where the author reported these), or by dividing the mean + 3<r 
by the mean less 3<r. This latter procedure assumes (what is the crucial point 
to be tested in our hypothesis) that the range is 6o\ 

He supplements these data with a table of occupational piece work ratios 
between output of most efficient, and output of least efficient workers. Among 
the jobs were hair-trimming, loom operation, shoe bottom scoring, and polishing 
spoons. Here again the median ratio of the best to the worst operators was 2:1. 

The twenty-two studies, which Wechsler summarizes, all had scales with nat- 
ural zero points and populations under 4100 persons. Extreme deviates were 
often not reported. This indicates the directions in which further research might 
proceed to explore further the evidence which Wechsler has unearthed, for a 
“natural” range of human capacities. 

20. This is equivalent to Von Wiese’s formula for group behavior, stating 
that a societal process (P) is a function of attitudes (A) and the external situa- 
tion (S): 

P = A XS 


21. It should be noted that E, the tension ratio, is but a special case of S, 
a quantified societal situation. 

In S = (T;I;L;P) the indicant in the tension theory is the ratio of the average 
desire to the total quantity of the value, 

I = D/V (Eq. 37, Ch. V) 

When the tension theory expresses a relation existing at any moment of time 
the exponent of T is zero. As geographical location is immaterial here, the ex- 
ponent of L is also zero. Substituting T 6 , L° and Eq. 37, Ch. V, into the 
S-equation, and noting that the generalized operational relation, symbolized 
by the semicolons, is here a multiplicative product, 

S = PD (V = E 


(Eq. 34c, Ch. V) 
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which is the tension theory as defined by Eq. 34a, Ch. V. The S-sitttation is 
here a single index, (I)e, which is simply denoted by the letter E, the equilibra 1 
tion or tension index. 

22 . Other indices of intensity of desire might be “money spent,” an attitude 
test “score,” a “discrepancy” between a prediction score (based on multiple 
regression weighting of previous achievement in high school, College Board 
examinations, aptitude tests, etc.) and marks in college, as a measure of motiva- 
tion, or effort, relative to each student's ability, etc. 

23 . This “worth” should not be confused with other points of view, such as 
the worth of a college degree in the business world. Here V is a different one with 
its different P and D and consequent E. 

The essence of analysis of a situation by means of the intellectual tool (Eq. 34, 
Ch. V) is to isolate and evaluate the factors relative to one desideratum at a time. 
This may be called the field of that particular desideratum. Difficulty in apply- 
ing Eq. 34, Ch. Y to various life situations is usually due to dealing with several 
different fields simultaneously, some of which may be vague and unexpressed, 
their corresponding P and D quantities consequently not clearly isolated in 
thinking. 

24 . This probability of passing is — , the ratio of those graduating to those 
entering college. 

25 . This ratio, E, may be modified by the units in which D and V are ex- 
pressed, of course. It may require a factor within E to convert one uni t into 
another as the constant .6745 converts sigma units into P.E. units. It will be 
comparable with another E only when D and Y are converted into comparable 
units. 

26. Throughout the statement of this tension theory of societal action, one 
is hampered for lack of concepts free of particular connotations limiting it to 
one specialized social discipline. Thus, “wants” instead of “desires” has an 
economic connotation, “values” is general in Philosophy but has ambiguity 
in distinguishing between “a value” meaning “an object desired/' “a value” 
meaning in Economics the ratio of demand to supply, “a value" in Mathematics 
meaning a particular amount of some variable as it varies, etc. But any other 
term like “satisfactions,” “goods and services,” “things," “psychic objects,” 
etc., would be still less precise and adequate. There is a need for a name for E 
more definite than “coefficient of value,” “worth,” “desire ratio,” “tension 
ratio,” “equilibration index," yet not involving money as “price” does. “Ten- 
sion” connoting an attitude, a readiness to act, is behavioristically a necessary 
precondition, a cause of societal actions, and, thus interpreted, is to us the more 
useful concept for “naming” the “E” defined by Eq. 34a, Ch. Y. 

27 . Recall the definition of D in Eq. 35, Ch. Y and substitute it in Eq. 
47b, Ch. Y. 

28 . This conclusion may be re-derived as follows: E, as shown in Eq. 34a, 
Ch. V may be thought of as the psychological “price” for each unit of the value, 
for each friendship. Since P [V — 1 by Eq. 47a, Ch. V for the case of u nlim ited 
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values, substituting this into Eq. 34a, and using Eq. 35, Ch. V gives: 

E = ZI D /P(=*I D = D) (Eq. 47c, Ch. V) 

an alternative form of Eq. 47b, Ch. Y. This may be thought of as saying that 
the psychological ‘‘price,” E, of each friendship is the average desire of the 
people for friendships. 

29. Refinements of this description, by considering interrelations between the 
quantities in the cells, may be ignored for the present, until it becomes clear 
whether the general theory will be useful to social scientists, or prove to be merely 
an ingenious but sterile manipulation of concepts and symbols. 



Chapter VI 
CORRELATION, I 2 
I. THE MEANING OF CORRELATION 

A . Correlation in Quantic Terms 

In our systematic exposition of the quantic classification of 
societal phenomena, visualized in the quantic solid, S. 33, Ch. II, 
the array containing indicators to the second power, I 2 , has now 
been reached. 1 This is the class of correlated characteristics. 

Hitherto, one or more indicators which were merely aggregated 
or compared were considered (as shown by the matrical formula 
I+ 1 ). We now proceed to a more penetrating level of observation 
achieved by the technic of cross-classifying two (or more) indica- 
tors in order to discover their causal relationships or other inher- 
ent connections more fully. 

1. A Product Moment of Two Indices, 2IJ/P 

Thus for example, let I and J (and the class scripts, | x and |j) 
represent two indicants, each with a number of class-intervals, 
il, jJ. Taking a population, P, on which the two indicants have 
been observed, each class-interval of I (occupying a column) is 
subdivided into each class-interval of J (occupying a row). This 
cross-classifying can be equally well considered the other way 
around as sub classifying each class-interval of J into all the class- 
intervals of I. The essence of cross-classification is that it is 
mutual, that both indicants are independently observed. This 
fact is denoted by doubling the colon to symbolize that for each 
class-interval of one indicant there corresponds all the class- 
intervals of the other, and vice versa . The number of parties ob- 
served as belonging in any class-interval of the I characteristic 
and of the J characteristic is entered in the corresponding cell of 
the cross-classification table. This is the familiar correlation 
scattergram, or “scatteration” as it is sometimes called. (See 
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S. 7, Ch. II; S. 25, 26, 29, 33, Ch. VI; and S. 3, 5, Ch. XII, for ex- 
amples.) Its descriptive formula is: 

il : : jl : P the correlation scattergram of two indicants among 
P persons (Eq. 1, Ch. VI) 

This formula asserts that for every one of the t | class-intervals 
cross-classified with all the ,j class-intervals there is a corre- 
sponding frequency of persons. This is the simplest and perhaps 
the most common form of societal correlation. For complete 
generality it should be observed that the units of frequency which 
are persons in Eq. 1 may be plurels, or dates, or areas, or even 
other indicators, i.e., that the cross-classified entities may be 
indices. 3 * Since through all these forms, the cross-classifying of 
two indices, (I) :: (I), is the common core of their descriptive 
formulae and as this is denoted by the second power in the quan- 
tic formula, I 2 , that is taken as defining the category of societal 
relationships which bear the concept-name of “correlation.” 

The question may be asked why cross-classification of indicants 
involves a quantic of I 2 , whereas aggregation of them involves a 
quantic of the first power only, I +1 . The answer is that, while 
the scatteration is an aggregation of numbers, the summary of 
these which is the correlation coefficient is a multiplicative product 
of the two indicants. Thus, in rectilinear correlation the Pearson 
product-moment formula, 

vTT y T T 

r = coefficient of correlation 

rVi<7j r 

(Eq. 3, Ch. VI) 3 1 

is the average of the I times J products (each expressed in sigma 
units). The quantic formula for the correlation coefficient (Eq. 3, 
Ch. VI) is PP"" 1 , which is thus distinguished by the sign of the 
exponent on P from the quantic of the scattergram of Eq. 1, 
which is PP+ 1 . 

A statistical formula is an operational definition of a concept. 
It tells the computer what to do to get the entity defined. The 
fact that the accurate formulae 4 for calculating correlation in- 
volve a product of indicants means that an indicant to the second 
power is an essential part of the definition of correlation. 

* For Eq. 2, Ch. VI, see notes at end of the chapter. 

f For Eq. 4, Ch. VI, see notes at end of the chapter. 
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2. A Scalar Product of Vectors, I • J 

Vectorial algebra corroborates the quantic formula of I 2 for 
correlation. The scalar product of two vectors is defined by 
mathematicians as the product of the lengths (scalar aspects) of 
the two vectors times the cosine of the angle between them. If 
each vector is taken one unit in length their scalar product sim- 
plifies to “the scalar product of unit vectors,” which is the cosine 
of the angle and is also the correlation coefficient between the 
two variables represented by the vectors. The correlation coeffi- 
cient is a scalar product when sigmas are the units. The scalar 
product (or dot product as some mathematical textbooks call it) 
is denoted by the heavy dot, 

J • J = r„ (Eq. 5a, Ch. VI) 

This relation, Eq. 5, states the identity of a scalar product in 
sigma units in S-notation with a correlation coefficient in conven- 
tional statistical notation. 5 * 

As shown in diagram S. 13, Ch. VI the scalar product of two 
vectors is geometrically the area of the parallelogram defined by 
one vector and the normal to the other. At the upper limit when 
the parallelogram becomes a rectangle the cosine, or r, becomes 
unity and the scalar product of the two collinear vectors becomes 
identical with the ordinary arithmetic product of two numbers 
represented geometrically by a rectangular area. Thus the scalar 
product is the more general case including the ordinary arithmetic 
product as a special case. As most phenomena in the social 
sciences have a degree of correlation to each other of less than 
unity, the scalar product is the more useful and generally appli- 
cable description of their relationships than the arithmetic product. 
Consequently to define the second power of the indicator in S- 
theory the scalar product has been chosen. This scalar product 
is statistically computed via the correlation coefficient. 

B. Correlation in Terms of Probability and Causation 

While correlation is operationally defined by the scalar product 
of two indices, yet a deeper insight into its meaning involves its 
relation to the concepts of “probability” and “causation.” For 
the sociologist in common with all scientists, as stated in the 

* For Eqs. 6a-b and 5b-c, Ch. VI, see notes at end of the chapter. 
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introductory chapter, wants to understand, predict, and control 
the phenomena in his field. For such understanding and predic- 
tion, knowledge of probabilities, correlations, and causes are 
essential. Our hypothesis on this point is that “ probability,” 
“correlation/’ and “causation” are compounds, in relationships 
definable by formulae below, of our more elementary concepts of 
indicators, time, and population. 

1. Simple Probability as a Ratio of Frequencies of Indices 

A simple probability is a ratio of frequencies of an all-or-none 
indicant = 1,0 I). The units of frequency may be dates, 

persons, or some other index. The probability index is defined 
as the ratio 6 of cases of some quality to cases 7 * -having-plus- 
cases-not-having that quality. If cases of that quality are sym- 
bolized by Si I° and cases without it as SJ I“°°, 

si I 0 /( Si I° + “T -00 ) = i/(i + j) = a probability 

(Eq. 7a, Ch. VI) 8 

2. Normal Probability as a Sum of Simple Probabilities 

The next step in compounding occurs when an observed fact 
is the sum of more than one all-or-none attribute. A fact such 
as a person’s measured height or intelligence score may be con- 
sidered as due to a large number of separate, qualitative, deter- 
mining elements, which on the average are more or less equiva- 
lent to each other. 

The probability of such a sum is a coefficient of the binomial 
expansion which approaches the normal distribution curve as a 
limit. 9 f Reversing the reasoning 10 a normally distributed charac- 
teristic may be thought of as a resultant of n hypothetical deter- 
mining elements which are the cases of the attribute T°. (These 
“elements” will be discussed more fully below.) 11 Once we ob- 
serve that the indicant measuring a characteristic is normally 12 
distributed and find its mean and sigma, prediction becomes pos- 
sible with the aid of the normal probability table, as discussed in 
Chapter V . Thus it is evident that attribute ratios measure sim- 
ple probabilities and sums of these produce distribution curves, 
which enable one form of prediction in the social sciences. 

* For Eqs. 7b— e, 8a— b, and 9, Ch. VI, see notes at end of the chapter. 

t For Eqa. 10-lOb, Ch. VI, see notes at end of chapter. 
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3. Correlation as a Product of Probabilities 

The next step in compounding probabilities is the product of 
two or more probabilities — and this is correlation. In its simplest 
form it is the product of two different all-or-none indicants. 13 

This last statement, often called the law of joint probability, 
is that the probability of a simultaneous or successive occurrence 
of two or more events is the product of their separate proba- 
bilities. If the probability of one characteristic is p and of a 
second p' (and q and q' are the complementary probabilities of 
their not occurring, i.e., p + q = l=p' + q'), then the prob- 
ability of both characteristics occurring together is pp'. This is 
more fully shown in the diagram : 


JOINT PROBABILITIES OF TWO TWO-CATEGORY C HAR ACTERISTICS 

Characteristic, I 



Present 

Absent 

qp' 

Present 

PP' 

Sum 

P' 

Characteristic 

I' 

Absent 

qq' 

pq' 

q' 

Sum 

q 

P 

1 = p + q 
- p' + q' 


These expected, or theoretical relative, frequencies in the cells 
represent a zero degree of correlation between the two charac- 
teristics. But in proportion as the actually observed frequencies 
deviate from the theoretical ones correlation increases, until it 
reaches its maximum at r = 1.00 when all the frequencies are 
in one set of diagonal cells and the other cells are empty, i.e., 
pp 7 + qq 7 = 1, qp' = 0 = pq' (for positive correlation). 

This fourfold correlation is not just an item in the statistician’s 
bag of stunts. It is implicitly involved in almost every judgment 
a sociologist makes. If he asserts, “Adolescents are emotionally 
unstable,” he asserts a correlation between the two all-or-none 
indicants, “adolescent, non-adolescent” and “unstable, stable,” 
affirming that the “adolescent and unstable” joint category has 
a larger proportion of cases than expected by the law of joint 
probability. The degree to which any such generalization holds 
true in any defined population can be formally determined by 
calculating the appropriate form of correlation or contingency 
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coefficient, which summarizes the relationship revealed in the 
diagram above. The difference between sociologists who use and 
who do not use statistical technics is not in their dependence on 
quantitative reasoning but rather in the explicitness of such 
reasoning. The latter group assert such generalizations as “ adoles- 
cents are unstable 7 ’ without determining the degree of the corre- 
lation or the reliability of determining the classes “adolescents” 
and “unstable.” While the statistical group realize that, for the 
generalization to be a scientific one, they must find some precise 
measure of the extent to which characteristics such as “adoles- 
cence” and “instability” vary together and of the reliability of 
observing those characteristics. 

The logic of the diagram above extends beyond all-or-none 
indicants to ordinal and to cardinal indicants. Here the correla- 
tion merely becomes rank r for ordinals and then the still more 
exact Pearson r, or ratio ??, for cardinals in harmony with our 
theory of increasing precision of observation presented in Chap- 
ter III in discussing the class-interval script of indicators. For 
cardinal indicants the diagram above becomes the usual correla- 
tion scattergram (illustrated in S. 1, 2, 5, 20, 25, 26, 29, 33, 
Ch. VI). In another direction, if the characteristics are qualita- 
tive ones represented by attributes with subclasses the diagram 
above merely becomes the contingency table shown in S. 11 and 
27, Ch. \ I. The contingency coefficient summarizes the degree 
of deviation of the observed frequencies from the theoretic fre- 
quencies that are the most probable ones by chance. This con- 
tingency coefficient becomes identical with the correlation coeffi- 
cient when the two characteristics are normally distributed and 
expressed in many class-intervals. In this case the theoretic 
probability in any cell, i.e., for any particular magnitude of each 
indicant, is given by the height of the column in that cell up to the 
normal correlation surface diagramed in S. 5, Ch. VI. 

The conclusion is then that correlation is a product of at least 
two probabilities. 14 The many forms of correlation vary with the 
precision of the indices that are correlated and with their form 
of distribution. But all forms of correlation are a function of at 
least two indices and their relative frequencies, as stated in Eq. 2, 
Ch. \I, Thus the thesis is borne out that correlation, like prob- 
ability, is a compound of the more elementary concepts of indi- 
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cators and population in particular relationships which are spec- 
ified by their formulae. 

4. Causation as Correlation Plus Time Sequence 

There remains to be exposed the relation of the concept of 
li causation” to “probability,” “correlation,” and to the basic 
indices of S-theory. Causation may be analyzed into two essential 
ingredients: antecedence in time and a probability of sequence. 
For A to be a cause of B, A must precede B in time, and there 
must be a probability from past experience 15 that B will follow A. 
If this probability is perfect, A may be the sole cause of B, if it 
is intermediate between zero and unity, A may be proportion- 
ately a partial cause of B. Causation is a subcategory of correla- 
tion, being a correlation where one variate precedes the other in 
time. (Of course, both may be continuous processes; any ante- 
cedence will be evident whenever the correlation rises when cor- 
rected for some lag.) 

Complete causation as Mill and Pearson long ago pointed out 
is uniform antecedence. But while time sequence and a prob- 
ability of it are necessary tests of causation they are not sufficient 
tests, for a phenomenon which is not a direct cause may pass both 
tests. Thus day precedes night with perfect probability in human 
experience, yet the day does not cause the night, but rather both 
are effects of a causal background, namely, an opaque spherical 
earth rotating in a field of uni-directional light rays coming mostly 
from one source. Another instance is the observation of a correla- 
tion of .84 between income and score on a hygiene scale in a vil- 
lage and city population in Syria. Case study evidence shows 
some probability, i.e., some cases, where low income prevented 
medical care and high income enabled cleanliness, etc. But similar 
evidence was found showing that poor hygiene and consequent 
ill-health decreased earnings. Hygiene and income, then, inter- 
acted, each being at least a partial cause of the other. But more 
fundamentally, the whole rural-urban background explained the 
correlation, for in such a wide range almost any two characteristics 
showing low correlation in rural groups alone or in city groups 
alone showed high correlation in a combined rural and urban 
sample. The education, contacts, medical facilities, and the rest 
of the differences between the rural and urban population seem 
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to have produced both the income disparity and the hygienic 
disparity more than either directly caused the other. 

Such considerations lead to the conclusion that, whenever 
probable sequence of A and B is both a necessary and sufficient 
test, A and B are directly causally related, but whenever the 
probable sequence of A and B is a necessary but insufficient test, 
A and 'B may be indirectly related through some third causal 
condition in common. The sufficiency is discoverable by the 
human ability or inability to duplicate or reinstate A and observe 
that B tends to follow . 16 Only when daylight and night can be 
duplicated on a rotating sphere in a field of light is the knowledge 
of the essential conditions of causation complete; for then the 
fully sufficient as well as the necessary causal conditions are 
known. 

Only when a phenomenon, such as hygienic status, can be 
varied at w r ill under different attendant conditions is its causation 
fully understood. This test of duplicating and varying the condi- 
tions and finding the effect to follow selects the true causes out 
of all the frequently concurrent conditions. Antecedence, prob- 
ability, and the technic of experimental duplicating under varying 
conditions, then, would seem the necessary and sufficient opera- 
tional definition 17 of causation. Whenever we cannot experi- 
mentally duplicate or statistically isolate, we can only assert a 
causal connection between correlated variables 18 which may be 
indirect through other factors in common . 19 

Further discussion of causation, including a formula for it, 
will be deferred to Chapter XI on Societal Forces in discussing 
the time sector. 

C. Correlation in Sociological Terms 

1. Categories Defined by the Qtjantic Formula 

The sociological reader will probably take exception to making 
the statistical and methodological concept of u correlation” a 
fundamental category in a systematics of Sociology, on a par with 

interaction,” u societal processes,” “forces,” etc. This is done 
because clear-cut consistency with the theory on which this system 
is based requires it. 
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The systematics in this volume is based on the quantic formula : 

S s = T t ;I i ;L 1 ;P p (Eq. 11, Ch. VI) 

The combinations of the four types of indices and their ex- 
ponents constitute the quantic classification (see Ch. II) and 
define the chief sociological categories and corresponding chapters 
devoted to their exposition. In this classification there are com- 
binations such as, T _1 IP 2 , which is found to define the accepted 
sociological concept of “interaction”; there are T -1 I and T -1 P, 
which define “societal processes”; there are T -2 IP, which is 
found to define a “societal force,” and T~ 2 IP 2 , which defines 
“societal control”; Lr 2 P, which defines population “density”; 
I°P, which defines a “plurel.” There is also I 2 P, which defines 
“correlation.” Adherence to the quantic hypothesis requires that 
correlation then be treated as co-ordinate with the other concepts 
defined by the quantic formula. 

But aside from the quantic formula, why are not the relations 
of characteristics of people, the patterns of their culture, as legiti- 
mate a sociological category of content as the relations of people 
to each other in respect to some characteristic? Or as legitimate 
as the temporal and spatial relations of changing characteristics, 
as in concepts of “lag,” “culture diffusion,” “gradients,” etc.? 
The historical accident that “correlation” of characteristics of 
people was reduced to formulae by statisticians long before “in- 
terrelations” of people, which is just beginning to be reduced to 
formulae, is surely insufficient logical ground to deny the former 
and accept the latter as denoting sociological content. 

No attempt will be made here to fist or classify the large mass 
of correlations of societal phenomena reported in the sociological 
literature. The attempt would require going into far greater 
detail in discussing the many intercorrelations between all pairs 
of sociological fields or topics than would be included in a volume 
of systematics. The major part of every volume on specialized 
subfields, such as the Family, is devoted to tracing such correla- 
tions among its characteristics and changes. Instead of a cata- 
logue of correlations by content correlated, general aids to inter- 
preting correlation will be offered which may find application in 
studies of diverse content. (See appended graphs S.l through 24, 
Ch. VI.) This is in line with the policy of limiting this volume, 
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as stated in the introductory chapter, to the definition of general 
Sociology as the study of the “general characteristics common 
to all classes of social phenomena.” 

2. Methodological Concepts in a Systematic Sociology 

These “general characteristics” are necessarily partly method- 
ological and statistical, but only partly so. Operational definitions 
of sociological concepts necessarily integrate content and method- 
ology. Statistical concepts are operationally defined by their 
computational formulae, and the superiority for science of using 
operational definitions is one of our basic assumptions as stated 
in Chapter I. It is the avowed aim of this volume to integrate 
sociological theory and statistical theory, to promote the wedding 
of Mathematics and Sociology. Statistics has outgrown a collec- 
tion of tec hni cs for marshaling sociological facts. Statistical 
theory can usefully give precision to sociological theory as in 
defining “processes,” “forces,” etc. Sociological theory should 
be organized around more objectively determinable concepts, as 
for example, in our defining of social “problems” in terms of 
negative standard deviations of some desideratum. This volume 
is inadequate as a statistical text. It assumes the reader knows 
some statistical theory and is ready to apply it. On the other hand, 
this volume is also inadequate as a complete systematics of Soci- 
ology. It is expressly limited to the quantified aspects of Sociol- 
ogy. Within this field it seeks to offer an orderly framework 
towards building a more objective and exact science of Sociology, 
and within this field the concept of correlation is an essential piece 
of that framework. 

D. Correlation in Geometric Terms 

1. The Correlation Coefficient as the Cosine of the Angle 
between Two Vectors 

In discussing the geometric interpretation of S-theory it has 
been stated that quantities are represented geometrically by 
lengths of lines and qualities are represented geometrically by 
angles or directions. Every index is representable as a vector, 
which by definition is a directed line. The chapters on Indicators 
and on Plurels discussed units for determining the length of their 
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vectors and discussed classifications for determining the number 
of their qualitatively different vectors. We now come to examine 
the degree of qualitative difference, the size of the angle between 
any two vectors. This is measured by the correlation coefficient 
which may be converted from a table of cosines into degrees of 
angle. In proportion as the vectors of two indices make an angle 
varying from 0° to 90° the two indices vary from identity 
through decreasing similarity to the limit of complete qualitative 
difference or independence of each other. 

For an example, what is the degree of qualitative similarity 
between College Entrance examinations and Freshman year 
standing? The question is answered in S. 34, Ch. II, 20 where in 
one large uni versity the observed correlation of .40 means an 
angle of 66.4° between their two vectors. This graph compares 
the similar ity of other indicants such as individual examinations 
and high school record by comparing the sizes of their angles. 
The practical purpose in this graph is to find those indicants 
which are most like the criterion indicant to be predicted, in order 
to predict it more accurately. From this graph it is evident that 
the multiple correlation of a team of predicter indicants is more 
similar to (i.e., correlates higher with and therefore predicts 
better) the criterion of later academic achievement in college 
than any one of the predicter indicants alone. In causal terms, 
since there is correlation between an antecedent achievement of 
students and a subsequent achievement, it can be asserted that 
there is a causal connection which, however, in this case is prob- 
ably indirect. Until fuller experimental duplication of the causes 
producing college achievement is made, it can only be asserted 
that the earlier indicants and the later indicants measure some 
causal factors in common, such as perhaps the academic ability, 
industry, and academic opportunity of the students. 

2. I NTERCORRE LATI O NS AS A STSTEM OF DIRECTION COSINES IN 
n-SPACE 

These principles can be extended from pairs of indices to situa- 
tions involving n indices, whether of the same or of different 
sectors. Whenever it is possible to secure all the intercorrelation 
coefficients between all possible pairs of indices, these coefficients 
interpreted as direction cosines specify all the angles between all 



318 


THE POPULATION SECTOR, gPg 


[Pt. Ill 


n vectors representing the n indices. Usually these angles cannot 
be all consistent in a three-dimensional space. All the angles are 
always consistent, however, in a space of n dimensions. This 
situation is diagramed in S. 35, Ch. II which shows a sheaf, or 
ray, of vectors springing out from a common zero origin. The 
n vectors (here n = 8) define n dimensions of societal space and 
the temporal, indicatoiy, spatial, and populational vectors define 
those four sectors of that space in this situation. Note that the 
angles between vectors in any sector as well as between vectors 
in different sectors may be of any size from 0° up to 90°. When- 
ever the angle between vectors in different sectors is zero those 
vectors are eollinear, i.e., become one, and one which lies on the 
boundary between the sectors. Thus, the correlation between the 
size of populations, P p , and some characteristic, I, given in per 
capita units, such as food consumed stated in colloquial uni ts of 
“mouths to feed,” is obviously unity. 

P • I = 1- These two vectors coincide at the boundary of the 
populational and indicatory sectors. Again the monthly fre- 
quencies of temporal events, such as a doctor’s calls, might corre- 
late perfectly with the monthly number of patients seen if he 
sees one and only one patient in a call. The vector representing 
the events, “calls,” ‘T, coincides with the vector representing 
the population, patients,” P, and marks one boundary lin e 
between the temporal and the populational sectors (*T • P = 1.0). 
But such instances are unusual. Usually vectors from different 
sectors show larger angles. Angles of 90° are very common, as in 
many data the amount of the characteristic, the size of the popula- 
tion, the date, and the area are not intercorrelated. 

In this geometric representation of societal n-space, persons 
(or plurels) ma\ be accurately locatable and their distances from 
each other can be calculated. Mr. X is a Republican, Presby- 
terian, from Montclair, New Jersey, in the 810,000-a-year-income 
c ass, married, childless, etc. Each of these six characteristics is a 
vector, and with fuller data to determine the correlations (or 
contingencies in qualitative data) the angles of the sheaf of vectors 

become known and Mr. X as a point on each vector has a definite 
location. 

Previous sociologists have used the concept, as Sorokin did in 
Social Momliiu rRpf _ i 
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developing the mathematical technics for actually determining 
distances and directions in this space. The detailed steps in com- 
puting distances in sigma units and angles from correlations are 
more fully developed in textbooks of statistics and of matrix 
algebra. The function of a systematic Sociology such as the 
present volume aims to be is to point out where all classes of 
sociological phenomena fall, leaving their detailed development 
to more specialized volumes. 

II. THE ANALYSIS OF CORRELATIONS 
A. Transformation of Indices 

For the beginner in dimensional analysis,, orthogonal dimen- 
sions may be thought of as mutually perpendicular co-ordinates 
(called Cartesian co-ordinates) . In the three dimensions of phys- 
ical space, these can be visualized as the three edges of a rec- 
tangular box, or of a room, which meet in one corner. Visualizing 
breaks down beyond three dimensions, although conceptually it 
can be extended. A helpful transition to conceiving of more 
dimensions is, to some students, to think of time as a fourth 
dimension. The three edges of the box exist in an invisible time 
dimension. They move along a time co-ordinate from the past 
through the ever sliding present on towards the future. Math- 
ematically by means of matrices and direction cosines (see S. 15 
and 24, Ch. VI) any number of dimensions can be handled as 
precisely as three dimensions, though with more computational 
labor. A table of intercorrelation coefficients of n characteristics, 
each correlated with each of the others, provides such a matrix of 
direction cosines specifying all the angles between the n vectors 
in the n-space which they define. 

It is often desirable to re-express a vector in terms of two stand- 
ard co-ordinates of the plane in which the vector lies. This can 
be done by writing the equation of a straight line for that vector 
in terms of the two co-ordinates x and y 

ax + by = 0 the equation of a straight fine (through the origin) 

(Eq. 12, Ch. VI) 

This “transforms” the vector into a certain amount of the 
x co-ordinate and a certain amount of the y co-ordinate. This 
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transformation can also be described as breaking up the resultant 
vector into an x “component” and a y " component.” Since 
these x and y components are uncorrelated (by definition they 
form an angle of 90° whose cosine is zero), they fulfill the canon 
of classification which requires that the categories into which 
phenomena are resolved shall not overlap. These components 
are the mathematicians 7 and physicists 7 "components” of re- 
sultant vectors. 

In Psychology these components have been called "factors 77 
by Spearman, Thomson, Thurstone, and others, or "components 77 
more recently by Hotelling, Kelley, and others. "Factors 77 imply 
multiplicative parts of a whole product, whereas these com- 
ponents are added together. Consequently the term "component 77 
will be used here to denote the variables into which a given set 
of intercorrelated variables are resolved. Geometrically viewed 
the components are Cartesian co-ordinates, 21 used as a standard 
frame of reference for describing the observed vectors. They 
may also be viewed as percentages of elements common to several 
indices. (See S. 7 and 8, Ch. VI.) 

In general, it is always possible to re-express or transform n 
vectors into n co-ordinates by means of multiplication of matrices 
of correlation coefficients from equations such as Eq. 12, Ch. VI 
generalized. 22 This is a technical and rapidly growing field offering 
much promise of future importance. 23 

The utility of such transformations is twofold: first, it re- 
expresses the n observed and overlapping characteristics in stand- 
ard non-overlapping characteristics; and second, it is often 
possible to re-express the observed characteristics in fewer non- 
overlapping characteristics, thus achieving the parsimony a im of 
science. 

B. Reduction of Indices to Components 

L Decrease of the Number of Dimensions by Rank of the 
Matrix 

Under certain conditions, it is possible to transform n vectors 
into fewer co-ordinates, n' in number, that is, to re-express n 
components in a smaller number, n r , of subcomponents, n > n'. 
The matrix of intercorrelation coefficients which is of order n X n 
is then said to be of "rank ” n'. This means that all the n vectors 
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lie within a space of n' dimensions. The critical condition for 
thus reducing the number of dimensions is that all orders greater 
than n' of the matrix of intercorrelations when treated as an 
algebraic determinant must equal zero. (See S. 21, Ch. VI.) In 
practice these determinants do not always have to be evaluated. 
The components may be computed successively in order of im- 
portance until a point of diminishing returns is reached, when 
further components are about the size of the sampling errors and 
so are not worth calculating. For practical purposes the number 
of components computed up to this point is the rank of the matrix 
and the sufficient number of dimensions within the limits of error 
of the data. 

2. The Reduction to Principal Axes 

To date several alternative methods of analysis have been de- 
veloped for transforming the observed indicants into subcom- 
ponents. 

One method is that of principal axes for which Hotelling (Ref. 
29) developed an iteration technic and Kelley (Ref. 34), a simpler 
technic of rotating the sheaf of observed vectors in one plane at a 
time to compute axis after axis. The principal axis can be vis- 
ualized in S. 2, Ch. VI as the major axis of the ellipse representing 
the scatteration. 

The second principal axis is the next longest axis at right 
angles to the first — the minor axis of the ellipse in the two- 
dimensional scatter of S. 3, Ch. VI. For a three-dimensional 
illustration see S. 41, Ch. VI, which shows the “swarm” of points 
representing the intercorrelation of three predictive indicants of 
college achievement. In this ellipsoidal swarm the principal axis 
is the longest one possible, the next axis is the next longest, which 
is perpendicular to the first, the third is the longest residual axis 
which is perpendicular to the two previously extracted longer 
axes. For n dimensions the procedure goes on similarly. The 
components are orthogonal and are extracted in order of their 
contribution to the total variance of the “swarm.” 

3. Reduction to Centroids 

A second method is that of the center of gravity, or centroid, 
developed by Thurstone. (Ref. 77.) By this, the first component 
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is the centroid to a cluster of vectors, a sort of average of them. 
When the vectors are all unit vectors (i.e., reduced to sigma as 
the scalar unit) the sheaf can have their terminal points repre- 
sented on the surface of a sphere. The centroid is the central 
point as graphed in S. 15, Oh. Ill and S. 21, Ch. VI. The second 
centroid is the average of the remaining vectors after eliminating 
the first, and so on for further centroids. 

Thurstone reports (Ref. 76) a study in which 60 trait terms 
(adjectives) were intercorrelated with the aid of 1300 raters and 
reduced to five components or centroids of clusters of traits. In 
another study he reports that 45 psychotic traits w T ere reducible 
to five subcomponents — a manic, a catatonic, a cognitive, a hal- 
lucinatory", and a depressive cluster. 

These centroidal components need not be orthogonal. They 
must be rotated before they can be interpreted in terms of the 
observed data. The orthogonal principal axes type of component 
would seem to be the more readily interpreted. Much further 
research, however, is necessary for deter minin g further properties 
and utilities of both types. 34 

A special case of considerable importance is that of one general 
component and n specific ones in n observed components. This 
is historically the earliest and for many years the chief analysis 
into what its discoverer, Spearman, called the factors g and s. 
(Ref. 69.) Whenever the intercorrelations are in equiproportion, 
a term defined and tested by the vanishing of all tetrads of them 
(i.e., second-order determinants) within probable error limits, 
the n indicants can be said to be composed of one component 
general to all the observed indicants and n components each 
specific to one indicant. This condition is alternatively stated as 
that the matrix of intercorrelations has a rank of one. This con- 
dition is frequently found among homogeneous sorts of complex 
indicants such as verbal tests of intelligence. 

4. Analysis into Compulsory Components 

The methods of analysis above are optional in the sense that 
alternative analyses into other patterns of components are pos- 
sible and the investigator chooses, within certain limits, the prin- 
cipal axes pattern, or centroid pattern, on grounds of parsimony, 
simplicity of pattern, or ease of interpretation. 
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But a further compulsory type of analysis has been developed 
by Thomson and Thompson (Refs. 72 and 74) and others, as 
shown in S. 43. This can be neatly summarized in a determinant 
of the intercorrelations, which, when the successive integers are 
used in the diagonal cells, according as it is positive or negative 
upon evaluation, tells whether components ("factors” in S. 43) 
above or below a specified order are necessary. “Necessary” here 
means that it is physically and mathematically impossible to 
secure such correlation coefficients without the necessary orders 
of components. The “order” of a subcomponent is the number 
of indicants of which the component is a part. This type of 
analysis yields orthogonal components whose number, however, 
will usually exceed the number of observed indicants, since at 
each order q (where q takes all values in turn from 1 to n) the 
number of components is n C„, the combinations of n things taken 
q at a time . These are the binomial coefficients. These are also 
the number of unknown components. But the number of known 
relations from which to solve is limited by the number of correla- 
tion coefficients, n C 2 , and is actually less as these are not all inde- 
pendent. Since to solve for any number of unknowns the same 
number of known and independent relations must be available, 
this type of analysis is limited in practice to certain orders only. 
A further limi tation seems to be that the magnitudes of observed 
intercorrelations are seldom such as to show, by this determi- 
nantal test, a compulsory general component. At least very little 
application of this method to societal data seems to have been 
made to date. 25 


5. Reduction op Plurels into “Typical Persons” 

Still another type of analysis, called Q-technic by Stephenson 
(Ref. 70), is to calculate components in the populational sector 
of societal space instead of in the indicatory sector as above. As 
suggested in S. 24, Ch. VI, a correlation is calculated between 
the n indicants of two persons (instead of between the two indi- 
cants of N persons, as in the ‘ ‘ r-technic ’ ’ of the previous methods) . 
All possible pairs of persons yield a matrix of intercorrelations, 
N s — N in number. Either the principal axes or centroidal 
methods may be applied to this matrix, yielding types of persons 
as components. Thus, the first principal axis would be inter- 
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preted as an hypothetical most typical sort of person; the second 
axis would be the next most typical person whose characteristics 
were independent of those of the first most typical person; and 
so on. Much research remains to be done in elucidating and trying 
out this type of analysis into populational components. 


C. Reduction of Components to Elements 
1. Correlation as a Percentage or Common E leme nts 


There is a possibility of pushing the analysis of components 
still further into simpler elements. As noted above, a normally 
distributed variable can be considered to be a function of a large 
number of small interchangeable elements, which act according 
to the law of the probability of sums in giving rise to the nor mal 
frequencies. 

The simplest way of thinking about such elements as possibly 
constituting components and indices is in terms of the form ulae 
for the correlation coefficient as a percentage of common ele- 
ments. By this formula the correlation coefficient is the geometric 
mean of the two proportions that the number of elements common 
to two indices is to the number of elements in each index. 




c i 


X 


c_ 

C + j 


= correlation as a percentage of common 
elements (see S. 7, Ch. VI) 

(Eq. 13a, Ch. VI) 


Here c is the number of elements common to the indices I and J, 
and i and j are the number of elements specific to each index. 26 * 


2. The Hypothesis of Epsilon Elements 

When the properties of the elements are known, or can rea- 
sonably be assumed, further consequences can be adduced. Sup- 
pose the elements are all-or-none attributes. Let us assign an 
arbitrary numerical value of 1 to the presence of the attribute 
and of —1 to its absence. 27 Then the mean of the equally-fre- 
quently present or absent characteristic is zero and its standard 
deviation (and hence its variance) is unity. 28 f 

Let such unit-elements be designated by the Greek letter 
epsilon, €. When a sample of these e elements are added together 

* For Eqs. 13b-e, Ch. VI, see notes at end of the chapter. 

T Ear Eqs. 14r-19c, Ch. VI, see notes at end of the chapter. 
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to form an index, the variance of the latter is given by the number 
of the elements in it. In two correlated indices their covariance 
is given by the number of elements common to both. 

Since the covariance and the two variances ordinarily are ob- 
served quantities, Eqs. 18 and 19 give three knowns from which 
the three unknown numbers of elements, c, i, and j, may be 
readily deter min ed. This is true whenever the indices I and J 
are known or assumed to be composed of such <■ elements. But 
the diffi culty is to know when such an assumption is justified. 
Because it is proved that elements give indices whose variances 
tell the number of elements, the reasoning cannot then be reversed 
(except to form an hypothesis) to hold the converse statement 
true that an observed variance is the number of e elements. Even 
if they were, the units in which observed components are meas- 
ured may or may not be the same as the unit-elements, e. These 
statements may be readily verified by calling pennies e elements, 
with heads = +1, and tails = —1. Indices may be artificially 
synthesized by tossing groups of pennies, leaving c pennies to lie 
over for the common component from one toss which gives a 
case of the I index, to a second toss which gives its paired case of 
the J index. When variances and covariances from a large number 
of tosses have been secured, the number of pennies actually 
used for c, i, and j will correspond (within standard error limits) 
to the theoretical c, i, and j calculated from Eqs. 18 and 19. But 
suppose the observed variances were expressed in some trans- 
posed scale, such as multiplying by a. This would obscure the 
fact that the observed indices arose from elements. Alternatively 
we may say that elements whose sigmas are eVa would produce 
such indices. When the observer starts with given sociometric 
data, expressed in any convenient units, the problem is to deter- 
mine the values of a (if they are not unity) for both I and J. 

Difficulties such as these prevent the hypothesis of e elements 
from being universally and readily applied to sociometric data. 
It is possible that research will overcome these difficulties and 
enable the reduction of indices to elements which have the prop- 
erties of e, or other properties, and open a fruitful field of socio- 
metric analysis. 

Indices of the T, I, L, P kind in S-theory may be correlated 
and hence have overlapping or common elements. Orthogonal 



326 


THE POPULATION SECTOR, gPg 


[Pt. Ill 


components are by derivation and definition uncorrelated and 
hence have no elements in common. Thus one of the purposes 
of analyzing indices into orthogonal components is to eliminate 
overlapping elements and have each composed of a unique and 
different set of elements. 

The analysis of societal phenomena by S-theory and this e 
hypothesis then is a hierarchy of concepts as follows : any societal 
situation (i.e., convenient section of phenomena) is analyzable 
into its temporal, indicatory, spatial, and populational indices, 
many of which are intercorrelated in a complicated network of 
relations. These correlated indices can always be re-expressed in 
terms of uncorrelated components which, under certain condi- 
tions, may be fewer in number than the number of the observed 
indices. These components finally may be resolvable into numer- 
ous small, independent, homogeneous elements. Analysis such as 
this may prove to have as much importance for sociological data 
as analysis of physical compounds into molecules and atoms. At 
the present stage of research, however, this is a possibility but 
far from an actuality. 

3. Analysis or the General Component, g, into Elements 

In the case of equiproportional intercorrelations defined by a 
matrix of rank one, where the n indicants are analyzed by Spear- 
man’s technic into a general component, g, and s specific com- 
ponents, an alternative or further reduction to elements has been 
shown to be possible by Thomson, Garnett, Dodd, and others. 

EQUIPROPORTIONAL IXTERCORRELATIONS 

a matrix of rank one 
(all tetrads vanishing within P.E. limits) 
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(S ummar ized in Ref. 17.) Each of the equiproportional correla- 
tion coefficients is the product of two array coefficients which are 
the correlation coefficients between the general component and 
the component of that array. This may be clarified in the 
pattern on page 326. 

Since g is an additive part of each index (which is a sum of g 
and s alone), rf G is the proportion that g is of the index I (by 
Eq. 13b, Ch. VI), and r w is riGr JG , which is the geometric mean 
of two such proportions in accordance with Eq. 13a, Ch. VI. 
In terms of elements this means that the variance of each index, 
(I), can be split into a proportion, i%, of general (i.e., completely 
common elements) and a complementary proportion, rf s , of spe- 
cific elements. 29 * 

While the proportions of these elements are determinable, 
their absolute number is not determinable, owing to the fact that 
there is one more unknown component (n + 1) than the n known 
indices. Different indices are observed to have different amounts 
of g, i.e., differing proportions of the generalized elements. In 
verbal tests of intelligence, where equiproportion is most often 
observed, those tests which are “most highly saturated with g” 
are said to measure general intelligence best. 

In terms of probability, rf G is the probability that any element 
in test I will be general to the other tests. The probability of two 
tests having co mm on elements is, by the law of joint probability, 
the product r^ G r| G of the independent probabilities. This is the 
index of determination, r]_ B , whose square root is the observed 
correlation coefficient, r A B- The equiproportional intercorrela- 
tions are thus the square roots of the theoretical values, expected 
by chance in a contingency table. 

4. Properties of the Elements 

By now the student will very likely be speculating as to the 
nature of these elements. Their identification with physical en- 
tities seems unlikely. Psychologists working on mental tests 
where equiproportion is common have occasionally speculated on 
their being eventually identifiable with synapses, or genes, or 
stimuli, or unit experiences or other entities. It seems more prob- 
able that they are mathematical abstractions, units conceived of 

* For Eqa. 21-22, Ch. VI, see notes at end of chapter. 
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because they interpret data in orderly quantifiable ways and 
finding their justification in that fact. 

Four properties of these elements are essential, namely, that 
they are small, independent, frequency variables. To say they are 
small entails the corollary that they are numerous, since their 
sum gives the observed indices. Their number may be of the 
order of thousands or millions to produce perfectly normal data 
but a hundred or two have been shown to give normal results 
and equiproportions within probable error limits. To say that 
they are independent is to affirm absence of correlation between 
the elements. One could work with correlated elements, but the 
need would still exist to further analyze such elements until more 
ultimate uncorrelated elements were attained. This property 
meets the need in the social sciences for non-overlapping cate- 
gories of thought. Finally, the elements are not constants but 
vary in an all-or-none or other fashion with some amount of fre- 
quency or probability of each value over which they vary. They 

thus have means, sigmas, and other properties of frequency dis- 
tributions. 


III. TWENTY-FOUR SYSTEMATIC DIAGRAMS INTER- 
PRETING CORRELATION 

Since correlation is the general type of the relationship between 
quantitatively varying phenomena of which causation is that 
subtype where a time sequence is also involved, the student should 
be able to interpret correlation readily in all its different forms. 
To cultivate this ability twenty-four diagrams are presented 
below showing different ways of interpreting correlation from its 
computation to the properties of special correlation surfaces, or 
to functions of correlation coefficients. Each diagram (with one 
or tw o exceptions) shows positive and negative correlation and 
amounts of correlation in four steps, namely: zero, one quarter, 
one half, and perfect (r = 0, .50, .707, 1.00, or r 2 = 0, .25, .50, 
and 1.00). These amounts of correlation are illustrated in order 
to show the two limits of correlation, and what from differing 
viewpoints is midway between the limits, r = .5 is usually 
thought of as midway, but for the fundamental aim of science 
p ict r — .707, r 2 = .5 is midway, for at this point what can 
be predicted equals what cannot be predicted. The known factors 
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in common to the two indices correlated equal their unknown 
factors of difference, and the coefficient of correlation equals the 
coefficient of alienation, r = k = .707. (See S. 12, Ch. VI.) 

Throughout these systematic diagrams the notation is that of 
S-theory consistent with the rest of this volume. The more con- 
ventional X, Y, and Z, denoting variates, are our indices, I, J, 
and K, and the conventional N denoting the number of cases, 
i.e., the statistical population, becomes P here where we are 
limiting Sociology to human populations. The diagrams and 
formulae are general to biological, economic, or physical correla- 
tions (within limi ts of the assumptions and definitions) but are 
presented here for the student of Sociology, and for consistency 
the notation is standardized throughout this sociological system. 30 

To understand these diagrams calculus is not needed, but High 
School algebra, geometry, and trigonometry, plus a course in sta- 
tistics are expected of the reader. 

Following these twenty-four systematic diagrams are nineteen 
S-situations, sampled from the social science literature illustrating 
correlation in varying forms and illustrating S-notation for sym- 
bolizing correlation flexibly and compactly. For explanation of 
the “descriptive formula” and “legend” the paragraphs preced- 
ing the S-situations at the end of Chapter II may be consulted. 

Definitions : 

I, J, K = observed variables in units of deviation from the mean 

ff I = I/gti = standard score of I, or I in sigma units. Similarly a J, 

P = the population 

ru = 2 /P = the correlation coefficient of I and J, = SI J /P cri ctj 

S. 1, SCATTERGRAM + REGRESSION 



u 


The smaller the angle between regression lines, the higher the correlation 




x = means of J arrays 0 = means of I arrays 
CD = [J E = r ff J] regression of I upon J (I estimated knowing J) (Eq. 23, Ch. YI) 
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AB = [J E = rj] regression of J upon I (Eq. 24, Ch. VI) 

(estimated, i.e., most probable J for a given I) 
tan 9 = o’ J /(j I r; tan$ = tfi/ojr (Eq. 25a and b, Ch. VI) 31 * 

(Eq. 26, Ch. VI) 

When <Ji = <7j, tan 9 = tan <f> = r (Eq. 25a, Ch. VI) 

The fundamental meaning of correlation as a cross-classifica- 
tion of the two indices of two characteristics is revealed in the 
scattergram. A dot represents a person. Its co-ordinates repre- 
sent the amount of each of the two indices characterizing that 
person. The class-intervals of one index are represented by the 
rows of a tabulation and the class-intervals of the other by the 
columns, i(I) :: j(I). In each cell at the intersection of row and 
column there is a corresponding frequency of persons. This is 
symbolized in the basic matrix formula, i(I) :: j(I) : P. When 
the frequencies are stated as proportions of the whole population, 
%P, they are probabilities of a person having jointly the amount 
of each characteristic denoted by that row and column. 

The two regression lines, defined by Eqs. .23 and 24 for rec- 
tilinear regression, enable the estimating of the most probable 
amount of one index (within defined limits of error) from a knowl- 
edge of the other index (assuming a previously observed correla- 
tion in a persisting or comparable situation). If the unknown 
index occurs later in time, the estimate of it is a prediction. For 
a given amount of one index, ,(I), the mean of the dots in the 
distribution of that column is the most probable amount of the 
other index, ,(I) : M (J). The regression line is taken as a con- 
venient approximation to these means. The estimate may be in 
error as measured by the amount of the dispersion in the array, 
which is crk. Since k, the coefficient of alienation (see S. 12, Ch. 
VI), varies oppositely to r, the higher the correlation, the smaller 
the error of estimate. Hence the accuracy of prediction improves 
with higher correlation. 

The slopes of the regression lines from their respective axes are 
given by Eqs. 25 and 26. When dispersions are equal (ai — oj), 
r becomes the tangent of a regression line. 

The scattergram is a powerful diagnostic tool. Inspection of 
it shows whether the data are markedly rectilinear or curvilinear, 
and therefore, what formulae will be most accurate to use. Nor- 

* For Eq. 25c, Ch. VI, see notes at end of chapter. 
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mality, unimodality, skewness, and other gross irregularities in 
the data can be visually spotted. The “falling down” phenom- 
enon (see S. 29, Ch. YI) and all exceptional cases have the spot- 
light thrown upon them in the scattergram and can be identified 
for remedial treatment. 


S. 2, Ellipses (contours) + Principal Axes 



“The c thinner’ the ellipse, the higher the correlation” 


Or 

tan 26 = - (Eq. 27, Ch. VT) 

O'! 


Family of ellipses = — 2 — 


= d 


(Eq. 28, Ch. YI) 


d = a constant for each ellipse 


Taking cr x = <jj = 1: 


AB _ major axis _ <7 I+J Vl + r 
CD minor axis oq-j — _ r 


= tan a 


(Eq. 29, Ch. YI) 


For negative correlation AB/CD = c Ti-j/cq+j = Vl - r/\/l + r in a dia- 
gram as drawn. 


The curves are contour lines of the normal or bell-shaped correla- 
tion surface (see S. 5, Ch. YI). It summarizes the “ scatteration ” 
of points as an ellipse varying from a circle, when correlation is 
absent, to the other limit of a diagonal line when correla- 
tion is perfect. The slope of the major axis (which is at 45° when 
the sigmas are equal) is given by Eq. 27 (Ref. 34, p. 2). The 
family of ellipses may be plotted, one for any given value of the 
constant d, by assigning values for I and solving for the corre- 
sponding values of J in Eq. 28. The “ fatness” of the ellipse is 
given by the ratio of its two axes which is conveniently specified 
as the tangent of the angle OCB as in Eq. 29. 

These graphs illustrate, for the simple case of two indices, the 
analysis into the principal axes type of components developed by 
Hotelling and Kelley. The total variance of a set of indices is 
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transformed by this analysis into a maximal variance (the longest 
axis, AB) of one component ; plus the next largest possible vari- 
ance that is uncorrelated to the first, in a second component (the 
next to the largest axis, CD here), and so on for the succeeding 
components in as many further dimensions as there may be 
further intercorrelated indices in the recorded situation. 


S. 3, Array Variances + Curvilinear Correlation 



“The smaller the dispersion in the array, the higher the correlation” 


<7 mj = cr of means of the J arrays 
c aj = weighted mean of sigmas of the J arrays 
c Tj = sigma of the distribution of J 

Rectilinear case: 

t = (Eq. 30, Ch. VI) k = cr^lo j (Eq. 31, Ch. VI) 

<Lj 2 = <r*r + ai (Eq. 32, Ch. VI) 1 = r 2 + k 2 (Eq. 33, Ch. VI) 

Curvilinear case : 

Vv = (Eq. 34, Ch. VI) vu = ^ (Eq. 35, Ch. VI) 

(Tj 

The arrows represent the dispersion of the J values in each 
array from +<r to — <j on either side of the mean of the array, 
which is defined by a class-interval of the I indicant. The case 
of rectilinear regression is graphed, although this analysis by 
arrays is used more in calculating the two correlation ratios, 
iji% and 7721, measuring curvilinear correlation. The homoscedastic 
case, where all arrays have equal dispersions so that the sigma 
of any array equals the mean of the sigmas of the arrays, is here 
graphed. Each correlation ratio may be calculated either via : 

a. the ratio of the sigma of the means of the arrays to the 
sigma of the distribution (Eq. 30, Ch. VI) (Ref. 22, #221), 
or 

b. the ratio of the mean of the sigmas of the arrays to the sigma 
of the distribution (Eq. 31, Ch. VI) (Ref. 22, #222). These 
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formulae are even more general than the Pearson product 
moment formula for rectilinear correlation, since Eqs. 34 
and 35 include rectilinear and curvilinear correlation. 

The correlation ratios (Eqs. 34 and 35) will be positive as com- 
puted. Whether the correlation is positive or negative must be 
deter min ed by inspection of the data. 

The vari an ce of the arrays, <r A , measures the part of the total 
variance, cr), of one index, (J), which is unknown or unpredic- 
table from the other index (I) except as a probability. The vari- 
ance of the means of the arrays, ah, measures the residual part 
of the total variance of (J) which is known and predictable from 
a knowledge of (I). The variance of the means plus the variance 
of the arrays comprise the total variance (Eq. 32). These two 
constituent variances are related as the coefficients of correlation 
and alienation (Eq. 33), or as cosine and sine (see S. 12, Ch. VI). 
The aim of better prediction in Sociology involves finding or in- 
venting indices yielding smaller array dispersions when corre- 
lated with the index to be predicted. 


S. 4, Overlapping Distributions + Biserial Correlation 



“The less the overlap, the higher the correlation” 

3 of the I arrays, at — <r, 0, and + u are graphed as frequency distributions of 
J values. M.v = mean of an array 

In the case of 2 arrays only: 

Biserial r = (Ma — Ml)pq (Eq. 36, Ch. VI) 

<rz 

p, q, z = normal probability table readings 

The overlapping distributions of the arrays of S. 3, Ch. VI are 
here viewed from another angle. If parallel vertical planes were 
passed through the correlation solid shown in S. 5, Ch. VI, their 
sections would be the distribution curves which are shown here 
as all projected onto one plane. These array distributions vary 
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from complete overlap in the absence of correlation up to no 
overlap in perfect correlation. In negative correlation, as in the 
leftmost diagram, the meaning of A' and A is the opposite from 
the other three diagrams, i.e., the J scale is reversed. 

When one index is given in only two class-intervals there are 
but two array distributions of the other index, i.e., A' + A" only. 
This is the case- for which the biserial r formula is adapted. 

See S. 31, Ch. VI for an illustration of this analysis of correla- 
tion into overlapping distributions. 


S. 5, CORRELATION SURFACE 



“The more ridgelike the dome, the higher the correlation ” 


Unit normal surface where P = 1 = < t x = <rj 

z = .15915k -1 e” E 
E = (J 2 + J 2 - 2ruJJ)/2k 2 
= d/2k 2 (d as in S. 2, Ch. VI) 


(Eq. 37, Ch. VI) 
(Eq. 38, Ch. VI) 
(Eq. 39, Ch. VI) 
(Eq. 39a, Ch. VI) 


The normal correlation surface and the solid under it are here 
shown for indicants in 13 and 15 class-intervals. Horizontal planes 
passed through this solid yield the elliptical contour lines of S. 2, 
Ch. VI, while vertical planes perpendicular to one axis passed 
through this solid yield the overlapping distribution curves of 
S. 4, Ch, VI. A single plane perpendicular to one axis and one 
other plane perpendicular to the other axis divide the solid into 
four parts and create the situation dealt with by the tetrachoric r. 

The first diagram for r = —.9 is the photographic reverse of 
the fourth for r = +.9 which was diagrammed instead of r 
= +1.0 since the latter ceases to be a three dimensional surface 
as it shrinks to a distribution curve in a plane passed vertically 
through the main diagonal array. 

In Eqs. 37 to 39 z is any altitude from the base plane up to 
the surface, k is the coefficient of alienation, Vl - r 2 , e is 2.7183, 
the base of natural logarithms, and d is the equation of an ellipse 
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(Eq. 28, Ch. VI). (Ref. 35, #88.) The three surfaces of r = 0, 
5 ? _[_,9 illustrate the situation in regard to prediction of socially 
controlled institutional behavior in the case of graduation from 
college. Graduation standing, ranging from failure-to-graduate 
up to “ highest honors,” shows zero correlation with irrelevant 
indices such as, the weight, or size of ears of the applicants to 
Freshman year. Graduation standing correlates around .50 (as 
a central tendency varying with the college) with a team of ad- 
mission indicants such as, rank in class in secondary school, Col- 
lege Board examinations, aptitude tests, and chronological age. 
The “ ceihng,” or upper limit, that may reasonably be expected 
is a correlation of .90 between graduation standing and the stand- 
ing of Freshman through Junior year. 

In terms of the coefficient of determination (r 2 ), expressed as a 
percentage, it may be said that size of ears yields 0% of predic- 
tion, a team of admission indices yields about 25% of perfect 
prediction, and the first three years of college yield about 80% 
of perfect prediction of graduation standing. 


S. 6, Spatial Correlation-Maps 



“The more congruent the zones, the higher the correlation ” 


cr? = 2I 2 /L 2 (Eq. 40, Ch. VI) 

ru = 2JJ/L 2 . (Eq. 41, Ch. VI) 

where L 2 = number of districts, square miles, or other areal units 

Example of a port city zoned by variable I in 3 class-intervals (shadings) vs. 
variable J in 3 classes, A, B, C. 

Geographic correlation means the degree to which the zones 
of a region, classified on the basis of one characteristic, tend to 
coincide with the zones classified on the basis of a second charac- 
teristic. If the corresponding zones of the two sets are congruent, 
correlation is perfect between the two characteristics ; if the cor- 
responding zones cross-cut each other completely, correlation is 
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absent. When the characteristics are qualitative ones, their indi- 
cators are attributes and a contingency coefficient measures 
their relationship (see S. 2, Ch. VIII) ; when the characteristics 
are quantitative ones, their indicators are indicants and a corre- 
lation coefficient measures their relationship (see S. 21 and 22, 
Ch. VIII). The contingency coefficient also measures the rela- 
tionship of a qualitative to a quantitative characteristic as in 
ecological studies determining the correlation of racial quarters 
of a city and its density zones, or of political districts and the 
density of some characteristic (see S. 19, Ch. V III) . 


S. 7, Percent of Common Elements or Overlapping 

Membership in 2 Groups 


r=+.7 
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r=+1.0 


c*I00 

i=0«j 


Equality ease 
i*j 

Graphed for: 
| c+i«c+j =100 
j[ elements 


Inequality case 
i+i 

(Non existent) Graphed for: 

c+i - 100 
c +j = SO 
elements 

Part-whole case 
j=0 

(Non existent) Graphed for: 

c+i = 100 
elements 


“The larger the common factor, the higher the correlation” 

c = number of elements common to I + J 
i * number of elements specific to I * 
j = number of elements specific to J 


c + i e + j 
c 


Tu 

when j = 0, rfj = 
when i 


= geometric mean of 2 proportions 


— J? r u — 


c + i 
c 

<r+i 


(Eq. 42, Ch. VI) 
(Eq. 43, Ch. VI) 
(Eq. 44, Ch. VI) 


The formulae for correlation as the geometric mean of the two 
ratios (of the number of common elements divided by the total 
number of elements in each of the two indices correlated) has 
been most used in situations artificially synthesized by throwing 
groups of colored dice (Ref. 22, #297-9). In order to test hy- 
potheses of the probable structures of components in indices, 
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especially in the field of intelligence measurement, such dice ele- 
ments and the formulae above have been very useful. To analyze 
sociometric indices into such elements involves assumptions, the 
reasonableness of which is often unknown in our present stage 
of research. Such analyses, however, have possibilities of great 
usefulness which may abundantly reward research upon them. 

For one example, the overlapping membership of persons in 
various groups (such as fraternal lodges) is one field of application 
of these common elements formulae which has been very little 
studied by sociologists as yet. Such persons are probably not ele- 
ments which are independent of each other, as friendships will 
produce correlations in behavior. Such correlation between per- 
sons will complicate the analysis. (See S. 24, Ch. VI for a technic 
of deter minin g the correlation between two persons.) 

When one index is a part of the other, as an addend is to a 
sum, the common elements formula simplifies to Eq. 43, Ch. VI. 
This situation of a component, wholly and exclusively constituting 
a part of an index, reappears from differing viewpoints as a 
“cause” in Eq. 82, as “specificity” and “error” and “unique- 
ness” in Eqs. 45 and 47, as orthogonal axes in Eq. 27 and in Eqs. 
72 and 77, and as mean array variance in Eqs. 31 and 32. At 
first glance these seem to have little in common, but they are all 
interconvertible mathematically and all express the relationship 
of a whole variable phenomenon to a part of it which is uncorre- 
lated with the other parts. 


S. 8, Reliability + Error Variance 


P n =3 


r Il“° r II°* B 
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“The smaller the error, the higher the reliability correlation” 
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I' = remeasurement of I 
c\ — (7^ d + <?l 

(Eq. 45, Ch. VI) 

h = communality 
s = specificity 
e = error 

<r e = cti Vl — tiv = error of measurement 

(Eq. 46, Ch. VI) 

Variance of true score = 

(TjT lV = <j\ + <j\ - <j\ — el 

(Eq. 47, Ch. VI) 

Multiple independent errors = 

Ce = crf[(l — r ir ) + (1 — rn") + h (1 — rn*)] 

(Eq. 46a, Ch. VI) 

r„» = r„/Vr n .r w . 

(Eq. 48, Ch. VI) 


= r XJ corrected for attenuation from errors 


The variance of each index of a set observed in one population 
may be analyzed into three parts, namely, a subvariance due to 
errors, a non-error subvariance that is specific to that index alone, 
and a communality subvariance that is common to the other in- 
dices. (Ref. 77, p. 62.) The error and specificity together are 
called the “ uniqueness” of that index. The specificity and the 
communality together are the true variance, which is also called 
the reliability, or the indicant free of errors. 

The measurement and the analysis of the unreliability of obser- 
vations is an essential step in making Sociology more of a science. 
Error can be surely reduced only when its amount and source are 
known. Thus, in a controlled experiment on rural hygiene (Ref. 
12, pp. 62 ff.) the reliability of the hygiene scores observed among 
the families surveyed was measured by comparing means on re- 
measurement to discover the amount of any constant errors, and 
by correlating the two measurements to discover the amount of 
any variable errors. The measurements were experimentally 
made so as to analyze sources of error. By repeating the survey 
with differing interviewers, while all other factors were constant, 
the error due to the interviewers was isolated. By repeating the 
survey and obtaining the data from different informants in each 
family, with other conditions unchanged, the error due to the 
informant was isolated. Si m ilarly the errors due to the schedule 
card, to the season of the year, and to the scorer of the schedules, 
were measured. By determining the intercorrelation of these errors, 
their synthesis of all errors was finally determined as 14% of the 
observed variance of hygiene. Such analyses had previously led 
to technics which had reduced the errors enormously, e.g., in the 
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case of scorer error from a 60% error (k 2 ), as the schedule card 
was originally constructed, to a 0% error, as it was finally recon- 
structed. 


S. 9, Percentage Blocks 

S9 



C-20JS B = 55tf A= 25 5^ 


“The more congruent the zones, the higher the correlation” 

Shaded strata = % of cases in each class of variable I ; lettered zones running 
vertically = sub-percent in each class of J. (To get perfect correlation the per- 
centages of A, B, and C must change to 10, 60, and 30 in the diagram for r 
= + 1 . 0 .) 

Percents graphed are observational ones; theoretic ones as from a normal 
correlation surface are also possible. This graph also represents contingency 
between qualities. 

The percentage blocks diagram is useful among laymen who 
shy off when correlation and prediction are presented in terms 
of a standard deviation of arrays or other statistical Greek. 
Homely percentages are readily interpreted. The strata may be 
the classes of the known or predicter variable (where one precedes 
the other in time), as in the standing of Freshman in unequal 
intervals of “With honor/ 7 “Passed,” and “Failed. 77 The graphed 
classes instead of being steps of a quantitative variable could 
equally well be qualitative categories. The diagram would then 
represent a contingency table. Each unit of area represents an 
absolute frequency of cases, as well as relative or percentage fre- 
quencies of the whole population and of its subclasses. The size 
of the correlation may be roughly gauged by the tendency of the 
steplike boundaries between subclasses of one kind to go from the 
vertical (r = 0) to the horizontal (r approaches 1.0). 
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S. 10, Probability Whorl 



Each curve represents a class-interval of predicter variable I. The co-ordinates 
of any point on a curve give the probability, cr c P, of a case reaching or exceeding 
a given point on the predicted variable, J. 

100 — <-P = percentile 


This whorl of cumulative percentage curves is convenient for 
laymen in reading the probability of any amount of the J indicant 
for a given amount of the I indicant (given a correlation between 
the two in past experience which is assumed to continue to hold). 
Thus if John X is below average in being in the 4 I class-interval 
on a predicter indicant (such as the criteria for college a dmis sion 
added together with optimal weighting by multiple correlation 
technics), the 4 I curve is selected in the graph of r = .5 (if .5 
has been the correlation of such admission criteria with gradua- 
tion standing). This curve is followed to its intersection with any 
level of graduation standing, J, which it is desired to predict, and 
the corresponding probability is read as the ordinate to the point 
of intersection. The probability for example of John X atta inin g 
a graduation of J is zero, of attaining J is 10%, of 3 J is 35%, etc. 
In percentile terms, if he should attain a 2 J standing later he 
would be a 90 percentile in his admissions group of those in the 
jJ class-interval. The percentile rating is the complement of the 
probability. This is a valuable diagnostic tool for educational 
administrators. A percentile below 50 identifies students whose 
achievement is below expectation relative to their own previous 
record and ability. Laziness, disinterestedness, extra-curricular 
distractions, or similar causes calling for investigation and treat- 
ment towards motivating the student to greater academic effort 
are indicated, even though the student may be passing safely. 
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These probability curves are a refinement of achievement quo- 
tients, the ratio of educational test age and mental test age, 
which are used more at elementary school levels. 

Curves for all values of r for indicants in sigma units could be 
computed from the normal correlation surface (Eq. 38, Ch. VI) 
and published so as to be available for routine predictions of this 
sort. With the use of “arithmetic probability paper” the ogives 
would become straight lines and a simpler set of nomographs 
could be constructed for prediction purposes. 


S. 11, Contingency 



t 





= Column proportion 
= Row proportion 
= Cell expectancy 
° °°o= Cell observation 

o o o o 

WM = Cell discrepancy 


“The larger the cell discrepancies, the higher the contingency” 


,P = proportion of cases in any column 
„P = proportion of cases in any row 
,„P = proportion of cases in any cell (observed) 
,P„P = proportion of cases in any cell (theoretic) 
,„P — ,P„P = cell discrepancy 

2,P = 2„P = 2,„P = 2,P„P = 1.0 

2 f (,„P — ,P„P) 2 ] 

PI ,P„P 1 

C = V0 2 /(i -f- 02) = coefficient of contingency 
= r for graduated “normal” data 


(Eq. 49a, Ch. VI) 
(Eq. 49b, Ch. VI) 
(Eq. 49c, Ch. VI) 
(Eq. 49d, Ch. VI) 
(Eq. 49e, Ch. VI) 
(Eq. 49f, Ch. VI) 

(Eq. 50, Ch. VI) 


(Eq. 51, Ch. VI) 


The coefficient of contingency, when applied to quantitative, 
normally distributed data in many classes, becomes almost equiv- 
alent to the correlation coefficient. The case of two 3-category 
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attributes is here diagramed. In each of the four graphs, the 
height of the shaded area in each row is the probability for that 
row, and the breadth of the shaded area is the probability for that 
column. Their doubly shaded intersection in each cell is their 
product, i.e., the theoretic joint probability of a case being simul- 
taneously in that row and column. The line of little circles shows 
the observed frequency and the black area shows the discrepancy 
from the theoretic frequency expected by the law of joint proba- 
bility. The sum of these discrepancies squared gives Pearson’s 
chi-square goodness-of-fit test, X 2 , of the data to the hypothesis of 
chance distribution. This test reduced to a scale which runs from 
zero to nearly unity (depending on the number of class-intervals) 
is the coefficient of contingency. 


S. 12, Cosine and Sine 


r=0 r=+.5 ral.OO 



k ■ sin 6 = _gl titude 
hypotenuse 


a 

E 


(Eq. 53, CL VI) 


in right triangle a, b, h (see when r * .5) 
in unit circle, i.e., <r l = crj = 1 = h: 

r = projection of J on ff I 
(or of J on J) 

I = r 2 + k 2 
k* = 1 — r« 

CT r = k 2 /VP 


(Eq. 54, Ch. VI) 
(Eq. 52a, Ch. VI) 
(Eq. 33, Ch. VI) 
(Eq. 55, Ch. VI) 

(Eq. 56, Ch. VI) 


The fundamental trigonometric interpretation of the correla- 
tion coefficient as the cosine of an angle and of the coefficient of 
alienation, k, as the sine of that angle is portrayed in these dia- 
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grams. A correlation of zero means a vectorial angle of 90°, a 
perfect correlation means a vectorial angle of 0°, i.e., completely 
collinear vectors (I = J). 

The standard error of the correlation coefficient given in for- 
mula form in Eq. 56 is suggested as a relative area in the second 
graph showing r = 0. 

The formula for the coefficient of alienation, Eq. 33, is seen 
to be a particular case of the familiar hypotenuse law (that the 
square of the hypotenuse equals the sum of the squares of the 
other two sides of a right triangle) . The radius is taken as unity. 

The interpretation of the correlation coefficient as a cosine is 
basic to the geometric representation of S-theory. Wherever cor- 
relations can be calculated, the angle between the two vectors 
representing the correlated indices becomes known. Amounts of 
any index determine lengths and specified points on its vector. 
With known lengths and angles, representing quantities and 
qualities respectively, societal n-space becomes determinate. It 
ceases to be a mere analogy and becomes subject to precise 
mathematical manipulation. 


S. 13, Scalar Product of 2 Vectors 



Also area and diagonals of ■parallelogram 
“The more rectangular the parallelogram, the higher the correlation” 

(Overlining denotes a vector) 


I • J = IJ cos 6 = (OA) (OC) cos 6 

= ffjOjrjj = p„ 

= SIJ/P = covariance 
With unit vectors, i.e., I = J=<r I =cr J = l 

I • J = cos 6 = r,j 

OABC 


I • J = area 


(Eq. 57, Ch. VI) 
(Eq. 58, Ch. VI) 

(Eq. 59, Ch. VI) 
(Eq. 60, Ch. VI) 

(Eq. 61, Ch. VI) 
(Eq. 62, Ch. VI) 


formed by J and I', the normal to I 
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Area | | ODEA = IJ sin 6 = IJk (Eq. 63, Ch. VI) 

Diagonals = I + J = OE I — J = AD (Eq. 64, Ch. VI) 

°' 2 (i+j) = + °j + — OE (Eq. 65, Ch. VI) 

^ 2 (i— j) &X (T j ^Tij^iVj = AD (Eq. 66, Ch. VI) 

The scalar product of two vectors, which is also the covariance 
of the two variables represented by the vectors, can be graphed 
as the area of the parallelogram formed by one vector and the 
normal (perpendicular) to the other. This parallelogram varies 
from zero area when it flattens out into a line (when r = 0), to 
its maximal area when it fills out into a rectangle (when r = 1.0), 
At this upper limit the scalar product becomes identical with the 
ordinary product of two lengths in everyday arithmetic. This is 
why in S-theory in determining the quantic, the scalar product 
is used, as it is the more general case with the arithmetic product 
as a special subvariety. 

A most useful further fact is that the two diagonals of the other 
parallelogram (ODEA in S. 13), which are given in vector algebra 
as the sum and the difference of the two vectors, represent in 
statistical notation the standard deviation of the sum and the 
standard deviation of the difference of the two variables, respec- 
tively. 

The two diagonals of the parallelogram formed by the two 
vectors are also the major and minor axes of the chief ellipse in 
S. 2, Ch. YI. The area of this parallelogram is oqo-jk, a kind of 
<{ complement ” of the scalar product. (For these formulae for 
vectors and parallelograms see Ref. 32, pp. 15 and 64.) 


S. 14, Vector Product of 2 Vectors 





Ch. VII 


CORRELATION, 12 


345 


j x J = LIJ sin 6 (note right-handed screw rule for L) 

With unit vectors where L _L plane U _ 

I = J_ = cr l = <7j = L=1 
IXJ = Lku 

< Q = * VOL = 90° - <£ UOV 
r = cos 6 

(See #2 for tan a) 


(Eq. 67, Ch. VI) 


(Eq. 68, Ch. VI) 
(Eq. 69, Ch. VI) 
(Eq. 70, Ch. VI) 

(Eq. 71, Ch. VI) 

& 


The vector product of two vectors is a vector (L in S. 14) 
perpendicular to the plane (U) determined by the two vectors 
that are multiplied together (I and J) (Ref. 32, p. 64). In terms 
of this vector-product the way can be graphed in which the con- 
tour ellipses of S. 2, Ch. VI may be generated. Let a circle, AB, 
in plane V be projected upon plane U giving the ellipse A'B'. 
Let the plane V rotate about the principal axis of the ellipse (or 
line parallel to it, such as OC). The projected ellipse will vary 
from a circle at one limit when plane U and V are parallel, so that 
the cosine of the angle between plane V and line L is zero (r = 0) 
all the way to a line at the other limit when plane V is perpendicu- 
lar to plane U, so that the cosine of the angle between plane V 
and line L is unity (r = 1.0). 

No important sociological use has as yet been discovered for 
the vector product of vectors in S-theory — in contrast to the 
abundant use of the scalar product of vectors. If the two vectors 
are unit vectors, their vector product is a vector whose scalar 
length is the coefficient of alienation, k ( = sin 6 ) . 


S. 15, Direction Cosines 


r=-.7 

-C03& 

0 = 135° 


r = 0 
=cos 0 
0=90° 


r =+.5 
= cos 0 
0=60° 


r "+1.0 
= cos Q 
0 = 0 ° 



r = cos, ru = cos 6 
The case of 2-axes is graphed. 
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For the general case of n-axes: 

TlJ — TjsXjx 4~ ri y rjy ] * * * “l - Tinrjn 
<Tj = 4" 0?«y 4" ‘ * 4" CTi-n 

normalized (i.e., divided by a\ as unit) gives: 

1 = <7?.x/0l 4- <Ti.y/<7i H + of.n/cri 

= rfx + rf y 4 + r? n 

and similarly: 

1 = rj* + rjy 4 4- rj n 

Pjy — tlx? Tjy GtC. 


(Eq. 72, Ch. VI) 
(Eq. 73, Ch. VI) 

(Eq. 74, Ch. VI) 
(Eq. 75, Ch. VI) 

(Eq. 76, Ch. VI) 
(Eq. 77, Ch. VI) 


Some of the general properties of a direction cosine system are 
brought out in Eqs. 72 to 77, though the graphs show only the 
case of two variables in a two-dimensional space. A direction 
cosine is here the cosine of the angle between a reference co- 
ordinate and the vector. This is the sine, k, of the angle between 
the co-ordinate and the normal to the vector. The reference 
system of co-ordinates (C’s in S. 21, Ch. VI) is orthogonal, that 
is, the co-ordinates (x, y, z, etc.) are all mutually perpendicular. 

n oblique vectors can always be re-expressed in terms of n 
orthogonal axes, such as x, y, z in S. 15, which are mutually per- 
pendicular reference vectors. Each vector such as I is resolved 
into its component-vectors, which are its projections (OC and 
OD) on the axes. The length of each projection is given by the 
square of the correlation between the unit vector (I) and the 
axis (rlj, etc.). The sum of the squares is the square of the uni t 
vector I. This is the hypotenuse law again, generalized to n di- 
mensions (Eqs. 75 and 76). (See Ref. 32, p. 29.) 

Sociologically the axes represent uncorrelated components in 
terms of which the correlated observed indices (I, J) are re- 
expressed. Among other advantages, this fulfills the canon of 
classification by expressing phenomena in non-overlapping cate- 
gories. Much confusion of thinking in the social sciences is due 
to using concepts which, being different words and not obviously 
synonyms, seem to be independent entities but represent statis- 
tically correlated phenomena and hence are overlapping cate- 
gories. 
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S. 16, Path Coefficients, P 
{Causal Analysis) 



“The larger the path coefficient, the more complete the causation” 


Pl»K — 0 "i*k/ °I 

<t 2 .k = variance of I due to K 

K = Q 

r u = 2J Pi»kPj*k 
k = i 

I, J = 2 effects 
K, L, • • • , Q = causes 
For uncorrelated causes : 


K = Q 

r u = 2r IK r JK 
K =1 

For multiple causes: 

E = Q 

100 — 100 2 ^XK*LM * * • 
K =1 

ftz.LM . . . Q = P 


(= (Eq. 72) ) 


Q 2 - Q 

q d" 100 S^ ik . L m * • • q/3il*km • • • Tkl 

_ (— 1) k A ik 

IK*LM • • • Q T 

n II 


(Eq. 78, Ch. VI) 
(Eq. 79, Ch. VI) 

(Eq. 80, Ch. VI) 


(Eq. 81, Ch. VI) 


(Eq. 82, Ch. VI) 
(Eq. 83, Ch. VI) 


lOOjSiK-LM • • • Q = % of erf directly caused by K 

(Eq. 84, Ch. VI) 

IOOAk.lm • • • q ft L .KM • • • qFkl = % of <r\ jointly caused by K + L 

(Eq. 85, Ch. VI) 


The arrows represent the directions of causal “ paths.’ 7 The 
strength of the partial causes of a phenomenon are measured 
by functions of partial variances and regression weights (/ 3 ) . For 
some situatio ns , involving time sequence, cause and effect rela- 
tionships may be known, or reasonably inferrable, and their rela- 
tive amounts may be measured by path coefficients. Thus the 
causal contribution of rainfall, acreage planted, and other factors 
to the final crop harvested can be determined. The coefficient 
of non-determination, k 2 , is here again invaluable as it measures 
the residual unknown causation, challenging to further research. 
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In most social situations, however, the variables observed 
interact as cause and effect of each other or of a still unmeasured 
complex of further variables. Here causal inferences from corre- 
lation coefficients alone is illegitimate and the technics of path 
coefficients are inapplicable. (For fuller discussion and bibliog- 
raphy see Ref. 24.) 


S. 17, Reranking 



“ The more horizontal the rungs of the ladder, the higher the positive corre- 
lation” 


(Eq. 86, Ch. VI) 


, 62(1 - J)» 

P P(P* - 1) 

P = number of ranks in I (or J) (P = 5 is graphed) 
r = 2 sin (x/ 6 p) (Eq. 87, Ch. VI) 


cr T = 


1 

12 


= -29P for P large 


(Eq. 88, Ch. VI) 
(Eq. 88a, Ch. VI) 


Correlation of ranks is a familiar form of correlation where 
the observed indicants are in ordinal units ( ff) and have not been 
reduced to the more accurate cardinal units (il) (multiples of 
equal, standardized units). If the underlying ranked data are 
normally distributed, the small correction (Eq. 87) for the rec- 
tangular distribution necessitated by ranking converts the rank 
correlation coefficient, rho (p), into the Pearson product moment, 
r. In negative correlation, if one scale were reversed, the horizon- 
talness of the “rungs” of the diagrammatic ladder would also 
increase as the correlation approached minus one. For formulae 
see Ref. 35, p. 193. Eq. 86 is that special case of Eq. 99, Ch. VI 
which results when the two equal sigmas, given by Eq. 88, are 
substituted into Eq. 99. 
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S. 18, Time Series 



Cyclic correlation with secular trend, seasonal variation , and lag removed 
“The more parallel the curves, the higher the positive correlation” 

i =t 

r = 25(1 - M I) *(J - M J)/t (Eq. 89, Ch. VI) 

i = l 

where: t = number of annual dates, or periods, observed 

T denotes an I on one date 
L denotes a J on one date, such that 

L - T = lag interval (Eq. 90, Ch. VI) 

M I, M J = trend readings 
o’ denotes “in sigma units” 

Correlation of time series is possible in various ways. The 
graph here, S. 18, shows the cyclic relation of two indices measured 
in annual deviations from trend in sigma units. Seasonal fluctua- 
tions and the influence of long-time trend are thus eliminated. 
The experimentally determined lag may be allowed for and its 
obscuring effect removed as indicated in Eq. 89 and 90, Ch. VI. 
The graph of r = —.70 is the slightly modified correlation (actu- 
ally r = — .67) between wholesale prices indicating business pros- 
perity and church attendance in the United States. (Ref. 57, 
p. 169.) The others are of those prices and a hypothetical second 
variable yielding the correlations graphed. The formula is the 
standard product moment formula for time series in S-notation. 


S. 19, Range 



, * Note. — Altering the range does not alter r at the limits of 0 or *1.0. 
**• r ~ -1 and .9 are graphed instead. 
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“The longer the range, the higher the correlation” 

Let cr = observed range 
Let cr' = altered range 
Let r (= cos 8) be from a 
Let r' (= cos 6') be from </ 

cr / <r' tan 6 = tan 8 t 

or 

crk _ k 
cr'r r' 

Ellipses as in #2 


(Eq. 91, Ch. VI) 
(Eq. 92, Ch. VI) 


The diagram, S. 19, attempts to dramatize the important fact, 
little appreciated by people who interpret correlations with a 
superficial knowledge of correlation theory, that the size of a 
correlation coefficient is partly dependent on the range in which 
it is observed. The correlation coefficient is expressed in sigma 
units so that if a population of greater dispersion is observed, 
the r will be larger; while if a population of curtailed dispersion 
is observed, the r will shrink. A given correlation between two 
tests in a population of one school grade can be raised to a higher 
correlation by including other grades, and vice versa. For each 
of the four values of r = — .7, +.1, +.5, and +.9 the ellipse 
of the scattergram is showm with its rounding out as the range 
shrinks one third and two thirds ; and its flattening in as the range 
expands by 50% and 100%. Thus a correlation of .50 can vary 
from .19 up to .76 as the range varies from one third up to twice 
the original range. This cautions the student to compare corre- 
lation coefficients of different populations in the light of the 
comparability of their ranges. For this the sigmas of the two 
variables should always be reported. Also, in addition to the 
raw correlations, those coefficients converted so as to be of a 
standard, or common, range should be reported, if the data are 
comparing different ranges. 

The formula (Ref. 22, #295) for correcting for range can be 
very conveniently used in the form of Eq. 91 by reading the given 
cosines and corresponding tangents and the new cosines from a 
table of the natural trigonometric functions. 
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S. 20, Moments 
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“The larger the cross-product moment, the higher the correlation” 


1st moment (origin = mean) 

SI/P = 0 = SJ/P 

SI'/P = mean I (origin = 0) 

2d moment (origin = mean) 

<j\ = SP/P 

erf = SI' 2 /P — M 2 (origin = 0) 


2 _ S(I - J) 2 _ SI 2 , SJ 2 _ 2SIJ 

^(l— j) p p • p p 

_ SIJ _ cf + cr| — cr 2 (i— j) 

Pij p 2 

SIJ cr 2 + crj ~ QjL j) 

Po'jOj 2 a l <Tj 


(Eq. 93, Ch. VI) 
(Eq. 94, Ch. VI) 

(Eq. 95, Ch. VI) 
(Eq. 96, Ch. VI) 

(Eq. 97, Ch. VI) 

(Eq. 98, Ch. VI) 

(Eq. 99, Ch. VI) 


The relation of the statistical moments to the angular mo- 
ments of force of Physics is here utilized in a mechanical device 
to calculate correlation by a gravimetric process. Each circle in 
the scattergram above represents a leaden weight symbolizing a 
person. The point of balance of the scattergram on the I axis is 
the mean I. On spreading the arrays apart as the squares of their 
deviations from the mean (as shown at the right), the mean 
square deviation is found as the point of balance. By spreading 
the diagonal arrays as the squares of the I — J deviations from 
the main diagonal array, the mean of the squared differences is 
determined by weighing and finding the point of balance. These 
quantities give r by the difference formula as in Eqs. 96-99, as 
well as both of the means and sigmas. (See formulae #79, 84, 85, 
89, 156, 186 in Ref. 22.) 

This relation of the statistical to the physical moments can be 
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utilized in a variety of mechanical calculating devices from the 
gravimetric method above to volumetric devices and to gear 
wheel and counter devices . 32 

S. 21, Intercorrelations and Component Analysis 


Cl Ii 



“Intercorrelations define a hyperspace of vectors and components 





h h 
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— 
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I = observed variable 





= R n ,v (Eq. 100, CL VI) 


C — Cartesian co-ordinates, reference axes, orthogonal dimensions, or nncor- 
related components 

r = cosine of angle between any 2 I-vectors, I 
n = 

A 


number of variables and order of matrix, R 
determinant of R 


n' = rank of R 


= n — m 


For components: 

in variance units, v = 1 
in raw score units, v = <r 2 , ru = pu 
in true score units (reliability), v = rn' 
in eommunality units, v = h 2 (cf . #8) 

If every A a - 1 = 0 (=*=cr A ) 

the n variables lie in n ; dimensions, 
i.e., need n' components only 
When rn = n — 1 = 1, Aa = tetrad 
and v = h 2 

the eomm unali ty becomes one-dimensional, 
i.e., 1 general + n specific components suffice 

^ ^ ~ of component, i.e., a component appearing in S variables, then 
components must exist 


(Eq. 101, Ch. VI) 
(Eq. 102, Ch. VI) 
(Eq. 103, Ch. VI) 
(Eq. 104, Ch. VI) 
(Eq. 105, Ch. VI) 


(Eq. 106, Ch. VT) 
(Eq. 107, Ch. VI) 
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of order S (or higher) if mean r > (S — 2)/(n — 1) (Eq. 108, Ch. VI) 
of order S — 2 (or lower) if mean r < (S — 2)/(n — 1) 

(Eq. 109, Ch. VI) 

n observed indices (I) may be represented by a sheaf of n vectors in 
n-dimensional space. Their intercorrelation coefficients form a square matrix 
(Rot) of order n. These n indices may be re-expressed in terms of a smaller 
number n', of uncorrelated components (i.e., n' Cartesian co-ordinates, C)> 
whenever the matrix is of rank n'. One test of this rank is Eq. 105* The units 
in which the components are computed depend upon what values are chosen 
for the v’s as in Eqs. 101-104. 

The purpose of such analysis of observed indices into mathematically calcu- 
lated components is : 

a. parsimony — to express n indices in fewer components, and 

b. elimination of overlap — to describe data in terms of non-overlapping 
categories, i.e., in concepts that are uncorrelated with each other. 

Geometrically this analysis represents a transformation of a set of oblique 
vectors (In) into a set of orthogonal vectors (CnO- The five changes noted above, 
which may be involved in such a transformation, are: 

1. translation — shifting of the vectors, keeping each parallel to itself, till 
their origins coincide at 0, the apex of the sheaf of vectors 

2. stretching— changing the length, the scalar units, of a vector 

3. reflection — using the negative extension of a vector beyond its 0 point 

4. rotation — rotating the sheaf to reorient it without distortion 

5. distortion — altering the angles between vectors, i.e., falsifying the ob- 
served facts of inter correlation. 

Transformations may legitimately involve the first four in specified ways but 
the fifth is to be avoided (by preserving unchanged the evaluated determinant 
of the intercorrelations). (For Eq. 105 see Ref. 17, p. 275; for Eqs. 108 and 109 
see Ref. 74, p. 158; for Eqs. 100-104, 106, and 107 see definitions in Ref. 77.) 

S. 22, Multiple Correlation 



“The smaller the minimal angle (between criterial and predicter spaces), 
the higher the multiple correlation” 
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One-way multiple R: 

when * IjOJi is minimal (Ij is in n-space) (Eq. 110, 

x> , (= Rj i) = cos £ IjOJi (Eq. Ill, 

= Vl — A/Aj^v = + 1, see S. 21 and Eq. 101) 

= V]£j3j 1 i / - ii-jrjji, 0^1* 

where |, = 1, 2, 3, • • • ,n in turn and i — , denotes the i variables with 

ticular variable denoted by the prime omitted. 

Two-wav multiple R, “ the most predictable criterion ” : 

when < IjOJi is minimal (J, is in m-space) l^a, 

= c os £ IjOJi (Eq- 111a, 

Ri.j = Vr^iar wcra? 

where : 


Ch. VI) 
Ch.YI) 

Ch. VI) 

Ch.YI) 
the par- 


Ch. VI) 
Ch. VI) 

(Eq. 114, Ch. VI) 


1. r ^ denotes eof actors in A 

2. i, h denotes each predicter in turn 

3. 0 denotes each criterion in turn 

4. repeated scripts denote a summation 


Multiple correlation is the largest possible correlation coeffi- 
cient between a single dependent, or criterion, index and a team 
of optimally- weighted independent, or predicter, indices. Geo- 
metrically it is the cosine of the smallest possible angle between 
the criterion vector (Ji) and the predicter space, determined by 
the n predicter vectors (I). 

The problem of prediction of societal phenomena is hereby 
reduced to a problem of f indi n g, or inventing, measures whose 

vectors show: 

a. smaller angles with the criterion vector, and 

b. larger angles with the other predicter vectors (as then the 
predictive contributions of the predicters overlap least). 

Usually in science the chief problem is to obtain better data. 
The technics of multiple correlation merely make the prediction 

the best that is possible with given data. 

An extension of multiple correlation is Hotelling’s most pre- 
dictable criterion” (Ref. 30), which is a double multiple correla- 
tion to find the minimal angle between the vectors of a predicter 
team of indices and a criterion team of indices. The criterion 
characteristic may be a complex phenomenon, such as com- 
munity health,” which is only partially indicated by an index of 
morbidity, or of mortality, or of longevity, or of sanitation, etc. 
But the composite of such indices might measure co mmun i t y 
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health more completely. The problem of improving community 
health then becomes one of developing those hygienic charac- 
teristics whose indices are found to give the highest double mul- 
tiple correlation with the team of health criteria. 


S. 23, Partial Correlation 




“The sectional ellipse is to the projected ellipse as the partial to the total 
correlation” 


r U»K 
r lJ«KL * • * N 


__ r TJ — r IK r JK 

klK^JK 

= Ajj/VAjiAjj 


HJI-KL • • • N ” 


^Aj*KL • • • nAi-KL • ■ • N 
(— l^Ajx 


(Eq. 115, Ch. VI) 

(Eq. 116, Ch. VI) 
(Eq. 117, Ch. VI) 

(Eq. 118, Ch. VI) 


One geometric way of diagraming the first-order partial cor- 
relation between two indices with a third (K in S. 23 above) 
partialed out is to show it as a plane section of a three-dimensional 
ellipsoid. Let the scatter of points in S. 1 and S. 2 be extended 
into the third dimension to represent a third variable, K, Let 
this “swarm 7 7 of points be represented by contour ellipses as in 
S. 2, forming the ellipsoid floating in space in the diagram above 
at the left. If the three observed variables I, J, and K are graphed 
as Cartesian co-ordinates determining base planes IJ, JK, and 
IK, then the ellipse (on each of the base planes) formed as a 
projection or shadow of the ellipsoid represents the total (i.e., 
raw or zero order) correlation coefficient (r u , r^, r IK ). The ratio 
of the major to min or axes diagramed is given by Eq. 29. 






356 THE POPULATION SECTOR, gPg [Pt. m 

If now a sectioning plane such as IJ : K, which is parallel to 
plane IJ and passes through the K axis at some particular point 
(such as the mean), is passed through the ellipsoid, the ellipse 
formed by the intersection of this plane and the ellipsoid repre- 
sents the partial correlation of I and J for a constant value of K 
(i.e., with K “eliminated” or “partialed out”). The partial 
correlation is more exactly the average of such values, or sectional 
ellipses, only one of which is diagramed here. (For the homo- 
scedastic case any ellipse represents all the others in parallel 
planes, as the sigmas of arrays are all equal.) 

According as the three axes of the ellipsoid vary in length, and 
according as the orientation of the ellipsoid varies, the partial 
correlations may be greater or smaller, or even change in sign, 
compared to the raw correlations. A visually minded student 
may take a lump of plastecine and experiment with shadows and 
sections varying the axes so that the ellipsoid goes from one limit 
of a straight line to a planar circle and on to a cigar shape or to a 
sphere. This exercise may help some students to understand how 
a raw negative correlation can become a greater negative partial 
correlation (e.g., r JK = —.45, r^.j = — .64 above), while a zero 
correlation jumps to a positive one (e.g., r IK = 0, r K .j = +.50). 

Note that the use of the dot in conventional statistics is incon- 
sistent between multiple and partial correlation. Each can be 
consistently expressed in S-notation, where the indicant is under- 
stood to be in sigma units, as: 



S-notcUion 

Conventional Notation 

Raw correlation 

Ii-j 

T IJ 

Multiple correlation 

Il-SJ 

ri.JKL • • • N 

Partial correlation 

Il-J-K 

ru.K 

Double multiple correlation 

ISi-2j 

1*(ABC • * - IWJKL • • . 2) 

Part correlation 


tkj-k) (This is not well 


standardized as 
yet.) 
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S. 24 , Population — Score Matrix (Normalized) 

For analyses into components in an n-space of n variables , or, for 
analyses into types in an N-space of N persons 


Persons 



“ Correlations of people and their characteristics yield either types of persons 
or component characteristics’ ’ 

fli = Score in cr units of a person p | (pre-superscript) in variable 

or characteristic |i (post-subscript) (Eq. 119, Ch. VI) 

P = N _ 

SJf/N = Variance of variable I in a population of N persons 

(Eq. 120, Ch. VI) 

I =n 

2JI 2 /n = Variance of one person’s n characteristics 

(Eq. 121, Ch. VI) 

N 

Iw = SJiJj/N = correlation of two characteristics, “r technic” for component 

l 

analysis (Eq. 122, Ch. VI) 

p# q n 

I = 2?I?I/n = correlation of two persons, il Q technic” for type analysis 

(Eq. 123, Ch. VI) 

Instead of calculating the usual correlation between two characteristics vary- 
ing among N persons, it is possible to calculate the correlation between two 
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persons, as they vary on n characteristics. This is called Q-techmc by Stephenson 
(Ref. 70). In the matrix above, each row is a list distribution (see Eq. lb, Ch. V) 
of one characteristic where each col umn is a profile of one person. Ordinarily 
correlation is between two rows; but in Q-technic the correlation is between 
two columns, showing the tendency for two person s profiles of traits to coincide, 
the degree to which the tw*o persons are alike or different. 

In each cell, let each axis represent the range of 6.25 a- on either side of the 
mean. E ach personas amount of one characteristic, a cell entry, may be normal- 
ized 17 either by expressing it in sigma units of deviation from the mean of the 
row (the usual r-technic), or in sigma units of deviation from the mean of the 
column (Q-technic). In the graph above both technics are simultaneously shown 
in plotting a vector from the cell center to a point which is determined by that 
person's deviation relative to other persons (an abscissa found by r-technic, 
Eq. 120) and his deviation relative to the rest of his own traits (an ordinate 
found by Q-technic, Eq. 121). 

Analysis of the matrix of intercorrelations of persons by Q-technic into the 
analogue of components, such as principal axes or centroids, is possible. Thus 
the first principal axis would be the most typical person; the second principal 
axis would be the next most typical person whose characteristics were uncorre- 
lated with those of the first 1yp ical person; the third axis would be the most 
typical person with the residual traits, etc. This Q-technic needs much further 
exploration. 
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S. 25 

CORRELATION OF SCORES AND SOCIAL WORKERS’ OPINIONS 


Total Score on 
Rating Scale 

Opinions of Social Workers 

Explanation 

Poor 

i 

Fair 

| 

1 

1 

Good 

Excellent 

25 

tti — 21, c — 4 





28 

m — 26, c — 2 





31 


m — 21, c — 10 



The total 

31 


m — 23, c — 8 



score of any 

33 


m — 25, c — 8 



given home is 






shown at the 






left 






Tfc nnci+.i rm 






JL uo 

39 



m — 28, c — 11 


on the horizon- 

44 



m— 29, c— 15 


tal scale is 

45 


* m — 30, c — 15 



shown in the 

49 



m — 35, c — 14 


column head- 

49 


;*m— 27, c— 22 



ing 

54 



m — 31, c — 23 



59 


1 

m— 37, c— 22 


m = material 

59 



m— 37, c— 22 


equipment 

60 


* m — 36, c — 24 



score 

62 



m — 41, c — 21 



73 



m — 41, c — 32 


c = cultural 

75 



m — 43, c — 32 


equipment 

75 




* m— 42, c— 33 

score 

79 




m — 54, c — 25 


80 




m — 53, c — 27 


84 




m — 57, c — 27 


85 




m — 52, c — 33 


88 



*m— 53, c— 33 



98 




*m — 65, c— 33 


98 



* m — 61, c — 36 



99 




m — 62, c — 37 


100 




m — 70, c — 30 

* 

107 




m — 56, c — 51 


108 


♦ 

i 

i 


m — 82, c — 26 


Totals 2 

6 

11 

10 

29 

Out 

OP 


1 



Line — 0 

*3 

*2 

*1 

6 


Ref.: Chapin, F. Stuart, “A Home Rating Scale to Check Social Workers* Opinions,” Sociology and 
Social Research, Vol. XIV, 1929-30, p. 13. 
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Descriptive formula: S 25 = Ji'j :: T ipP 

Legend: 

S 25 = The situation 

comprises 

L, = a total home rating indicant 

i| = in 3 class-intervals 

» j = compared with its subratings 
(m and c) 


Quantic number = 0;2;0;1 

cross-classified with 

T = opinions of social workers ex- 
pressed in 4 degrees 

and for each cell of the above 

p P = the number of families is stated 


S. 26 


CORRELATION OF THE SUM OF THE EIGHT RATINGS FOR INTEL- 
LECT WITH THE SUM OF THE EIGHT RATINGS FOR MORALITY 
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42-45 


1 


l 

4 

2 

3 

5 

5 

3 

2 

3 

1 




46-49 






1 

5 

10 

6 

5 

2 

4 

3 

' 1 



50-53 


‘ * ■ 






7 

9 


4 

5 

1 

1 



54-57 







2 

4 

17 


5 

2 

4 




58-61 






1 

1 

4 

3 

10 

8 

3 

2 

1 


i 

62-65 




• ■ • 

i 





3 

3 

2 

3 

1 



66-69 











1 

3 

2 

1 


l 

70-73 











2 

1 



i 

74-77 












1 











IMH 

MH 

iMHH 

UflM 




11 



Each entry in the table means that that number of persons had the score (sum of eight ratings) in 
intellect noted at the top of the column and the score in morality noted at the left of the row. 


Ref.: Thorndike, Edward L., “The Relation between Intellect and Morality in Rulers,” Amer, 
J cur. Soc., Univ. of Chicago Press, Vol. XLII, No. 3, Nov., 1936, p. 331. 


Descriptive formula: Sa$ = J :: jl :P 

Legend: 

Sa$ = The situation as recorded 
is composed of 
J = an indicant of intellect 
ross-classified with 


Quantic number = 0;2 3 *0;1 

*1 = an indicant of morality 

and corresponding to 
each joint class is 

P = a frequency of rulers 
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S. 27 


A COMPARATIVE STUDY OF UNEMPLOYED AND EMPLOYED BOYS 
CLUB MEMBERSHIP COMPARED WITH UNEMPLOYMENT AND 

EMPLOYMENT 



Numbers of 

Percentages of 

Description 

Un- 

Em- 

Un- 

Em- 


employed 

ployed 

employed 

ployed 

Number who belonged to a Club .... 

22 

36 

21 

55 

Number who did not belong to a 





Club 

81 

29 

79 

45 

Number who had sometime come 





under Club influence 

58 

93 

56 

82 

Number who had never come under 



1 


Club influence 

45 

20 

44 

18 




Un- 

Em- 



employed 

ployed 

Total number of boys considered in 

above Table equals 

103 

113 


Ref.: Hughes, D. E. R., “A Comparative Study of Unemployed and Employed Boys,” Sociological 
Review, Vol. XX, No. 4, Oct., 1928, p. 317. 


Descriptive formula: S27 = 1,0 I :: 1,0 Ii %,P 

Legend: 

S27 = The recorded situation is 

composed of 

MI = an all-or-none indicant of em- 
ployment 

cross-classified with 
lfi h = all-or-none indicants of club 


Quantic number = 0;2;0;1 

membership and club in- 
fluence 

with corresponding 

P = frequency of persons 
% J = and of percentages 


Comment on notation: 

This fourfold cross-classification represents the simplest type of correlation. 
It measures the degree of truth in such a common sociological statement as, 
“Club members tend to be employed.” 
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2. A UNIVERSE OF 108 ELEMENTS 
As a first example, let 

A = 108; ai = 90; a 2 = 72; a 3 = 54; a 4 = 36. 

Then very many kinds of possible linkages between the four variables are possible, 
and numerous different tetrads of correlation coefficients. But if ai and a 2 are 
really random samples, that is, independently formed samples, of A , then a 2 'wall 
have most probably 

— X 90 = 60 

elements in common with ci\. Similarly a 3 , which has 54/108ths of the whole A, 
will have most probably that same fraction of each of the categories formed by the 
existing variables ai and a 2 ; and so on. In short, the most probable distribution of 
linkages is as f ollows : 



(The total number within the diagram is 106, i.e. 2 elements, most probably , escape 
being involved in any one of the four variables.) 

The six correlation coefficients which this most probable structure would give 
are 



ai 

a 2 

a 3 

IZ4 

a i 


.75 

.65 

.53 

a 2 

.75 


.58 

.47 

0>2 

.65 

.58 


.41 

Cl 4 

.53 

.47 

.41 

• 

c 


wherein each r is given by 


common elements 
geometrical mean of two totals 
60 

ri2 = — = 0.7o. 

V90 X 72 


Ref.: Thompson, Godfrey H., “A Worked Out Example of the Possible Linkages of Four Correlated 
Variables on the Sampling Theory,” Brit. J. Psych., Vol. XVIII, Part I, July, 1927. 
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Descriptive formula: S28 — ( (21)/ • (2I),,) i: i Quantic number = 0;2;0,*0 

Legend: 5 * 

S 28 = The situation 

is composed of 

0 / = an index 

which is 

21, — a sum of components 

and is 

• = correlated with 
Comment: 

The situation is a general statistical one and is a sociological situation only 
if it represents characteristics of people. The formula at the bottom (see Eqs. 13a 
and 43, Ch. VI) is accurate only for an infinite population. For a small popula- 
tion it will be only approximate within the limits of the standard error of sam- 
pling. 

The components, represented by overlapping areas, which add up to yield 
the four intercorrelated indicatory indices here, are all synthesized from 108 
independent equal elements in the “most probable ” pattern. This pattern 
gives an intercorrelation matrix of rank one, which can be reanalyzed into one 
general component, g, common to the four indices and four specific components. 
These five components are transformations of the components, diagramed 
above as the common elements in overlapping areas of the circles. 

Comment on notation: 

1. Without specifying the composition of the indices, the matrix of inter- 
correlations alone could be symbolized by the descriptive formula, S = I,.*, 
denoting the correlation coefficients of | i indicants with each other. 

2. Since a correlation is a scalar product its quantic formula involves an ex- 
ponent of 2. It can readily be shown that the common elements formulae for 
correlation (see S. 7, Ch. VI) are but simplifications of covariances, as in Eqs. 14- 
19, Ch. VI, which, vectorially, are scalar products. 

Whether the second cross-classifying in the matrix of intercorrelations should 
step the exponent up in the quantic formula is not clear. This awaits further 
research. For simplicity and also because the matrix does not appear to be 
summarizable in any form equivalent to a scalar product, the exponent in the 
quantic formula is for the present left as 2. 


(21),, = another similar index (not 
itself) 

and repeated for each of 
|i = 4 indices 

|::i = cross-classified with each 
other 
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Feebleminded Groap. Binet Mental Age 

HHM 

as cs *3 -a -o oc oc cccctctoooo 
iP.dcoi.c5co *■ tcoidco*' dc o d. dc © *► cb 


6 

33 
32 
38 
24 
26 
18 
24 
a: 25 


Hindustani Binet Performance Scale 

C 0 C 0 fe£: o, ® ol “ a iOocietcSoJ-MMww! 
o ©toooi^o oto ccitkOaiNoo ^oacou! 

Q ■ • * • • • 

1 « *■ ■ ■ IS. • • -• 

* * ■•**•*” * * • 


5 

* 3 


r = .66, n = 100, <r„ = 65.7, c b = 18.8mos r = .65, n = 267, <r 5 = 2.7, <r b = 18.9 

or 34 mos 

Examples of “Triangular” Correlation Scattergrams 

These scattergrams illustrate the phenomenon in testing where “a man may 
fall down but he never falls up.” A high test score is significant as it is here in- 
variably associated with a high score in the criterion, but a low test score may, 
or may not, be significant as it is associated with both high and low T scores in the 
criterion. The solution of this problem seems to be along the lines of motivating 
the subjects to their best effort, increasing their familiarity with the test situation 
through practice, and improving their understanding of the task by better demon- 
stration. This should reduce the number of cases in the high-on-criterion-low-on- 
test corner and enable prediction of ability in the criterion from a given test score. 


j Ref.: Dodd, Stuart C., International Group Mental Tests, Princeton University Store, 1926, p. 70. 


Descriptive formula: S 29 = (*11 : P) p 

Legend: 

Sm = The situation 

comprises 

I, I = indicants of intelligence 

i|,jj = subdivided into their class- 
intervals 

v '\ = (and with their sigma ranges 
also stated) 


Quantic number = 0;2;0;1 


= cross-classified 


in each of 


2 popula- 
tions 


a feebleminded 
plurel 

a Hindu plurel 
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S. 30 



Ref.: Department of Personal Study, School and Society , Yale Univ., July 18, 1934. 


Descriptive formula: S30 = (*1 :: d : %P) 

Legend: 

S 30 = The situation 

is a record of 

T = 5 ordinal points of the 
graduation-status indicant 

:: = cross-classified with 

each of 


Quantic number = 0 ; 2 ; 0;1 

i| = the class-intervals (shadings) 

of 

I = Freshman year standing 

with the corresponding 

%P = percentage frequency of Yale 
students 


Comment: 

When the horizontal bars tend to be each of one kind of shading the corre- 
lation nears perfection; when each shading tends to run in a vertical band 
through all the horizontal bars, the correlation is near zero. As the step-like 
diagonal boundaries between any two shadings go from horizontal to vertical 
the correlation drops. 
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mWhwy 1 

SALARY 


How Education Affects Earning Power 

<«»• *▼ r»*4 nMRAflta 


msw rm c#AAf 


HIM KM 

f CPAI-tD g 


$0 25 5075 IfO OS ^0 t75 200 2^5 250275 300 325 550 375 4f0 425 4J0 475 

f 1 {THE ORAPH SHOWS, ON TMe'&ASIS OFA STIW OF 102.326 GOVERN M ENT f 

EMPLOYEES, EXCLUSIVE OF POST OFFICE FIELD SERVICE. THE PERCENTAGES 
OF EMPLOYEES INTMQEE EBUCATlONALCLAfSCS. CRAOGO SCHOOL, 

, HIOM SCHOOL AMD COLLFStATE STUOEMTS IM EACH SALARY GROUP. 



* rnrl 


Courtesy American Federation of Government Employes 


Ttio AFGE, which prepared this chart, showing the greater earning power 
of college students, is against undue favoritism to college education 
as against practical experience in the recruitment of civil servants 


Ref.: Wey bright, Victor, “Our Civil Servants,” Survey Graphic^ Vol. XXV, No. 2, Feb., 1936, p. 95. 


Descriptive formula : 831= J :: (jl : %P) Quantic number = 0;2;0;1 


Legend: 

S31 = The situation is a 

record of 

i| = 3 class-intervals 

of 

I = schooling 

:: = cross-classified with which are 


( : ) = distributions of 
jl = salaries in 20 S25 classes 

with corresponding 

%P = percentage frequencies of gov- 
ernment employees 


Comment on notation: 

The fact that the graph is a correlation (between indicants of earnings and 
of schooling) is obscured by the graphs being presented in the form of frequency 
distributions. These, however, are but three slices of the correlation solid of 
S. 5 as presented in S. 4, Ch. VI. 
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S. 32 



Ref,: Dodd, Stuart C., A Report to the Deans of Harvard College (un published) , 1935. 


Descriptive formula: 832 = J :: jl : 2%P 

Legend: 

S32 = The situation 

is a record of 

il = 9 class-intervals of Freshman 
rank 

•• = cross-classified 

with 

jl = 9 class-intervals of College En- 


Quantic number = 0;2;0;1 

trance Examination standing 
(“C.E.E.B.”) 

: = and, for each joint reading, 
s%| = the cumulative percent 

of 

P = the class of 1933 
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CORRELATION BETWEEN SEX AND VOTING TENDENCIES 
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il 

11 

±i 

±1 




53 

m 

161 

sai 


223 


175 

68 

22 



1546 


M, 


— v, ui mens votes cast lor Thompson (abscissa) and 

percentage of women’s votes cast for Thompson (ordinate) in 1546 precincts in 
the Chicago municipal election of April 6, 1915. Percentages are of votes cast 
ior the two leading candidates only. Class intervals run from 4.5010 to 9.5000, 
etc., per cents The middle of the class intervals are 7.0005, 12.0005, 17.0005, 
etc. i he .0005 has been dropped in the calculations, and the class symbols are 
given as , 1^, 17, etc. The number of votes per precinct did not differ greatly 
and ran about 400 per precinct, about 35 per cent being votes of women. The 
data were gathered from official returns by Professor J. W. Canning, 

Ref.. Kelley, Tru m a n L. Statistical Methods, Macmillan Company, 1923, p. 183, Chart XXL 

Descriptive formula: S33 = i(I) :: ,(I) : _p 
Legend; ~ 

S3® = The situation 

records 

i(I) = (%P/) = an index of male vot- 
ing (the % of men voting for 
Thompson) 

cross-classified with 

i® = = an index of female 


Quantic number = 0;2;0;1 

voting (the % of women vot- 
ing for Thompson) 

with 

pP = the frequency of precincts at 
each joint class-interval of the 
indices 
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Comment on notation: 

The population ratios are written as indices because the point of the situation 
is definitely the characteristic definable as “voting of the sexes ,' 3 and not the 
size of any plurel. Since the graph is a correlation and not an interrelation (see 
Ch. VII) the cross-classification of indices is a more accurate description than 
the cross-classification of people. A population percentage is also a mean of an 
all-or-none indicant. 


S. 34 





n 

v 9 


O Ld 
— O 

£< 


h 

O LU 
CD 


fcl-100% 41-60% 21-40?. 11-20% 1-10% 


NARROWEST NARROW MEDIUM BROAD BR0ADE5T 




INCREASE 

OF RANGE 

OF PfiOCRAN 




DIRECTION 

ofWlty 

INCREASE OF SIZE 

OF PROGRAM 

DIRECTION OF 

CONSERVATISM 

. fWINCREA 

I^L ra 

BALANCECVV 

DEVELOPMENT 

SE OF BOTH 
NGE i SIZE 



* 


\ 

\ 



' 


i 

1 

1 

i 

-j 


Possible directions of development toward complexity 
of program. 


Ref.: Chapin, F. Stuart, Contemporary American Institutions, Harper and 
Brothers, 1935, p. 189. 


Descriptive formula: S 34 = J :: j([ 2i ) : p P 

Legend: 

S 34 = The situation 

is composed of 

il = 5 class-intervals of an indi- 
cant of the number of church 
activities 

:: = cross-classified 


Quantic number — 0;2;0;1 
with 

(I si) = the number of kinds of activ- 
ities 

i| = expressed in 5 class-intervals 
: = with the corresponding 
p P = number of churches 


Comment: 

The index (Isi) measures the “differentiation" of any church's activities, 
as defined in Chapter V. 
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Intelligence Ratings 
(Army Alpha tests on drafted men) 

#«/.: Ogbura and Tibbits, “The Birthplace and the Social Classes,” Social Forces, Yol. Ill, Sept., 1929, 


Descriptive formula: S35 = ,_I T : ^(I)? -1 

Legend: 

S35 = The situation 

records 

I = an indicant of intelligence 

in 

1! = 11 class-intervals 


Quantic number = 0 ; 11 ,* 0;9 

= between the limits of 51 
and 117 in army Alpha 
scores 

: = each with corresponding 
2 (I)P _1 — mean index of fertility 


Comment on notation: 

Two alternative analyses present themselves. The index of fertility (I) is a 
population rate, %P, though its factors are not specified. Since the point of the 
graph is a correlation of the two characteristics, intelligence and fertility, the 
latter is written as an index, denoting a compound characteristic. The mean 
mdex of fertility for each intelligence array might be written M (I), reducing the 
quantic to 1*1 and the quantic number to 0 ; 2 ; 0 ; 0 . But following the notational 
rule that, rf securing the data required counting persons, then the P should be 
written explicitly , the descriptive formula has been written as above. The situa- 
tion fundamentally is a correlation of two characteristics of a population (in the 
orm of a regression curve of one on the other), and the quantic classifies it as such. 
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S. 36 



Ref.: Groves and Ogburn, American Marriage and Family Relationships, 1928 , Henry Holt, p. 145 . 


Descriptive formula: S 36 = P p : '“*£(1) : (I) 

Legend: 

S36 = The situation 

records for each of 

Pp = the 2 sex plurels 

(I) = the sex ratio (= PjP,,” 1 = 
males per 100 females) 

,_I i1 = in 22 class-intervals between 
Comment: 


, Quantic number — 0 ; 11 ;0 ; 1 

the limits of 60 and 170 
with the corresponding 

(I)„ — index of marriage (— 100 
2J 1 - 0 I/P = percent married = 
the mean of an all-or-none 
indicant) 


As in the previous graphs, the population ratios are treated as indices of char- 
acteristics, since the point of the graph is the correlation of these characteristics 
of a population, and not the size of the population or its interrelations (as de- 
fined in Ch. VII). 
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Brothers 

Sisters 

Veracity i 

.47 

.43 

Assertiveness 

.53 

.44 

Introspection 

.59 

.47 

Popularity 

.50 

.57 

Conscientiousness 

.59 

.64 

Temper 

.51 

.49 

Ability 

.40 

.47 

Handwriting. . 

.53 

.56 

Mean 

.52 

.51 


Brothers 

and 

Sisters 


Re/.: Holmes, Samuel J., The Trend of the Race , Harcourt Brace and Co.„ 1921, p. 104. 

Descriptive formula: S 37 = m < P P ~ 1 2 P ;I VI) l:q Quantic number = 0;2;0;9 

Legend: 

S37 = The situation |i = 8 characteristics 

is a record of i n 

( ) = correlation coefficients . f brothers 

J = for one characteristic (in ' q ~ ^ kinds of , s i sters 

sigma units) plurels ^ siblings 

P 1» Q 1 = between the two persons an( j 

0 H = mean coefficients are also 

pP -1 = sibling pairs given 

calculated for 


Comment on notation: 

The correlation coefficient being an index in S-notation is enclosed in paren- 

thesis. With less specification of detail it could be equally well written 

. ° r ’ ri Qj with the legend stating the index to be a correlation coeffi- 
cient. 
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S. 38 


MULTIPLE AND PARTIAL CORRELATION RATIOS BETWEEN THE 
TOTAL STANDARD OF LIVING (TOTAL EXPENDITURES PLUS 
VALUE GOODS FURNISHED) (X,), AND AGE OF OPERATORS 
AND WIVES (XO, NET CASH INCOME (X 3 ), MILES FROM 
VILLAGE (Xi), AND EDUCATION OF OPERATORS 

AND WIVES (X 6 ) 


Subscripts 

eta 

eta 

squared 

Subscripts 

eta 

eta 

squared 

1.2345 

.53 

.28 

13.245 

.46 

.21 

1.345 

.53 

.28 

14.235 

.32 

.10 

12.345 

0 

0 

15.234 

.28 

.08 


Ref.: McCormick, Thomas C., “Owner-Tenant Contrasts,” Sociology and Social Research , Vol. 
XVII, No. 2, Nov., 1932, p. 157. 


Descriptive formula: S 38 = (I)’ 2 ,.si 

Legend: 

S 38 = The situation 
presents 

(I) = indices 

I * 2 = and their squares 


Quantic number = 0 ; 2 ; 0;9 
stating 

• = the correlation between 
I, = one indicant 
|sj = and the sum of four others 


Comment on notation: 

The dot in S-notation denotes correlation between the two indices it separates. 
This usage is the same as in conventional statistics in denoting the multiple 
correlation and in vector algebra, where the dot denotes the scalar or dot product 
(equivalent to correlation in statistics). Partial correlation may be distinguished 
in S-notation by the subtraction symbol, as in I, „_j, meaning the correlation 
of I, and I„ after eliminating j other indices, Ij. “Part correlation” can be read- 
ily distinguished from partial correlation by a parenthesis, thus meaning 

the correlation of the index I, with the index I„ after the latter index has had 
the effect of the other indices, I,, eliminated. 

Since the situation presents correlation of characteristics in a population the 
quantic number may be written 0;2;0;9, even though the P is not explicitly 
written, as it is required in calculating the index. The formulae for eta involve 
P as well as the squares of the indicants in obtaining the sigmas by arrays. (See 
S. 3, Ch. VI.) 
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INTERCORRELATION OF THE SECTION SCORES IN THE RURAL 

AND RURBAL RANGES 


Section 

II 

III 

17 

7 

71 

Scale 

II. Remedies 

.82 

.05 

.32 

.41 

.11 

.66 

III. Infants 

.77 

.82 

.07 

.15 

-.20 

.42 

IV. Food and Cleanliness 

.85 

.85 

.76 

.34 

.10 

.68 

V. Insects 

.84 

.70 

.82 

.84 

-.14 

.67 

VI. Housing 

.87 

.85 

.76 

.84 

.96 

.23 

Scale 

.92 

.93 

.93 

.94 

.97 

.92 

Average intercorrelation 

.83 

.79 

.82 

.80 

.83 


The coefficients in the upper right triangle 

of the table are from the rural 

ranee 


(b + c sample N = 100. Scale S.D. = 43) while those from the lower left triangle 
are from the rurbal range (b + c + U sample, N = 150, S.D. scale = 175). The 
coefficients in heavy type in the main diagonal cells are reliability correlations be- 
tween male and female informants (rural range, S.D. scale = 120, “r” sample, 
N = 45). * 


Ref.: Dodd, Stuart Carter, A Controlled Experiment on Rural Hygiene in Syria, American Prem 
Beirut, 1934, Table 5, p. 79. ’ 


Descriptive formula: S39 = m '(I) p;i .i 

Legend: 

S39 = The situation 

records 

[ rural 

| p = for each of J “rurbal” 

3 plurels | “male and 


Quantic number = 0;2;0;1 

|i.i = the intercorrelations 

of 

(I) = 6 indicants of hygiene 

m, | = and average inter correlations 
are also stated 


female ” 
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Three-dimension diagram showing the combinations of the three variables 
—race, language, and religion — which characterize the nations of Europe. In 
each “ building” the lowest stratum is occupied by “Mediterranean” stocks, 
the middle stratum by Nordic, the top stratum by Alpine stocks. Tor example: 
the Northern Swiss being Alpine (top stratum), Protestant (north avenue), 
and Teutonic speakers (west park), are found in the top of the left-hand 
“building.” X (Protestant-Romance) and Y (Teutonic-Greek Church) are 
virtually absent among European peoples. 


Ref.: Taylor, Griffith, “Environment and Nature,” Amer. Jour. Soc., Vol. XL, No. 1, July, 1934, 
p. 34. 

Descriptive formula: S40 = I? ::I“ :: IJ :P p Quantic number = 0;0;0;1 

Legend: 

S40 = The situation 
records 

Ii = 3 languages 
:: = cross-classified by 
I? = 3 races 

Comment: 

This situation has a quantic number of 0;0;0;1 which classifies it under Plurels 
(Ch. IV). It is presented with the situations of correlation in this chapter, how- 
ever, to illustrate the effect of the operation of observing, including computing, 
in determining the quantic. If the data were more penetratingly and fully ob- 
served to the level of computing contingencies, the qualitative characteristics 
denoted by 1° would be thereby converted to correlated characteristics denoted 
cy I 2 (or I 3 for the present case of a triple correlation). 


= cross-classified by 
Ik = 3 religions 
: = with corresponding 
P p = national plurels in Europe 
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S. 41 



iSSJSJStlW TeSta ' A Manualf0r A ‘ Uie ofCoUeg ‘ 0mceTS ' rw* *» ** College Entrance 


Descriptive formula: S tt = S I :: jl : (2IP"*)k Quantic number = 0:3K)-9 

Legend: 1 


S& = The situation 

records 

J = the College Entrance Ex- 
amination indicant 

■ • = cross-classified with 

jl = a High School standing in- 
dicant 

•’ = with corresponding 


2IP -1 = means of students 

on 

' Psych, exam, 
(height of 

U = 2 indices 

College marks 
(letters in 
k circles) 


This situation illustrates a triple correlation, the cross-classification in a three- 
oimensonal space of three characteristics. The swarm of cireles-on-pins repre- 
sent the ellipsoidal scatter diagramed in S. 23, Ch, VI. 
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S. 42 (< Continued ) 


Descriptive formula: S 4 *a ~ (cJ)i-i 

Legend: 

S42A = The matrix A 
is 

Descriptive formula: S 42 B = (I — JKsj)i 

Legend: 

S42B = The situation B 

records 

Ii = 4 tests ( u xi, x 2 , X3, X4”) 
each equal to 

Descriptive formula: S 42 C = (J = KIsOj 

Legend: 

S42C = The situation C 

records 

Ji — the four components (y's) 
each expressed as 

Descriptive formula: S 42 D = s, (I)j.j 

Legend: 

S42D = The situation D 

records 

(I); = the variances (v) and co- 
variances (p) 

of 


A. Quantic number = 0;2,*0;0 

(J). = the correlation coefficients (I) 
|i.i = of all 4 tests with each other 

B. Quantic number = 0;1;0;Q 

t 

J Si = the sum of 4 components (y’s) 

K = each times a numerical coeffi- 
cient 

C. Quantic number = 0;1;0;0 

Isi = a sum of 4 test scores 
K = each times its coefficient 


D. Quantic number — 0;2;0;0 

h = the 4 components with each 
other 

s ’ = and their sum is also stated 


Descriptive formula: S42E = [|(I)i*j| = |(I)iJ = .2353] 


Legend: 

S42E = The situation E 

is an equation between 

| (I)j* j| = the final determinant of the 
intercorrelations of the 4 
components (y) 


E. Quantic number = 0;2;0;0 
and 

|(I)i.i| = the initial determinant of 
the intercorrelations of the 
4 tests (x) 


F. The right hand half of S. 42 presents situations of identical form but with 
differing quantities. 


Comment: 

The two pages quoted from Kelley compare the analysis of a set of 4 indices 
(“Reading Speed/’ “Reading Power/’ “Arithmetic Speed/' “Arithmetic 
Power/' in a 7th grade population of 140) into components, first, by the 
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Hotelling-Kelley technic into principal axes, and second, by Thurstone's technic 
into centroids. The comparison indicates that the latter technic has distorted 
the data, since the final determinant does not exactly equal the initial deter- 
minant. The two technics have yielded variances of the components, v(y), 
which are closely alike. As may be seen from the final determinants, the com- 
ponents are independent of each other as they have zero intercorrelations; 
and they are arranged in order of descending contribution to the total variance 
of the situation (1.84, 1.46, .52, .17). 

S. 43 

If n is the number of variables there will be n — 2 boundaiy conditions. 
The first boundary condition will show how far the set of correlations can 
be raised as a whole without the use of any group factor common to more 
than two of the variables. The second boundaiy condition will show how 
much further they can be raised without the use of any group factor co mm on 
to more than three variables, and so on for the third, fourth, and all the re- 
maining boundary conditions until we come to the last, which shows how far 
the correlations can be raised without the use of a general factor. All these 
conditions can be conveniently expressed in the form of a determinant as 
follows: — 


k 

7*12 

7*13 •• • 7T« 



7*21 

k 

7*23 ** * 7*2n 



7*31 

r 32 

k • • • r 3n 

= 0 

a) 

^*nl 

r n 2 

7*n3 * * * k 




in which k takes the values — 1, —2, —3, etc., respectively, according as 
the first, second, third, etc., boundary condition is required, and the r’s are 
the (positive) correlations. For the sake of uniformity of interpretation with 
regard to signs it is advisable to regard the term which is the product of all 
the k ’ s as positive — that is to say, reverse the signs when n is odd. The 
boundaiy conditions can then all be read; if B is positive the higher order 
factors are not necessary. The symbol B replaces the D of previous papers, 
so as to include the term involving the product of all the k’s. The general 
expression was reached by the writer in expanded form by the method de- 
scribed in the Appendix: for its subsequent expression in the form adopted 
in equation (1) he is indebted to Mr. T. B. Black, of Edinburgh University. 

Ref.: Thompson, J. Ridley, The General Expression for Boundary Conditions and the Limits of Correla- 
tion, Robert Grant and Son, 1928-29, p. 66. 
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Descriptive formula: S« = B n ,k = 1 (I) t-i| 

(I),., = -1, -2, 

« • • 

? 

Legend: 

S43 — The situation 
comprises 

|| = 0 the discriminant 
of 

(I) = inter correlations 

Comment on notation: 

The vanishing of this discriminant (within standard error limits) is the critical 
test or boundary condition as to whether components of higher or lower order 
are compulsorily present. For a simpler, but less accurate, boundary condition 
see Eqs. 109 and 110 in connection with S. 21, Ch. VI. 

IV. NOTES 

1. Chapter III on Indicators dealt with the stratum where there was no 
direct reference to population (the P° stratum) and in that stratum with the static 
and spaceless array, T°L°. It dealt with indicators to various powers, chiefly the 
attribute array, 1°, of qualitative characteristics, and the indicant array, I 1 , of 
quantitative characteristics. The array over that in the next higher stratum con- 
taining the population sector, P 1 , was then taken up in Part III. The first chap- 
ter (Chapter IV) in Part III took up the combination of attributes and 
population — forming Plurels, I 0 ? 1 . The following Chapter V took up the combi- 
nation of indicants and population which defines Distributions, FP 1 . In our ac- 
cumulative approach we now take up the combination of population and more 
than one indicant which defines Correlation, FP 1 . 

2. The general descriptive formula for a correlation scatter would thus be 

*(I) :: j(I) :(D* (Eq. 2, Ch. VI) 

where the indices (I) (as defined in Chapter III) denote any sum or product of 
indices from any sector. 

3. In a more general formula which includes curvilinear correlation 

Vu = ff ( M j ; I)/'I = sigma of means of Ii arrays for each of the jJ class-intervals 

in terms of the sigma of I, the correlation ratio of I on J 

(Eq. 4, Ch. VI) 

(and in its paired ratio rjn) the indicant is squared in computing the sigma of 
means (which is then expressed in terms of the sigma of the distribution to 
bring 7 j to a zero-to-umty scale). Therefore, I 2 is the proper quantic, i.e., power 
of the indicator, I, here also. (The correlation ratio can also be stated in an 
alternative form in terms of the mean sigma of arrays. Study S. 3, Ch. VI.) 

4 . As explored in more detail in the twenty-four diagrams interpreting cor- 


= 0 Quantic number = 0;2;0*0 

- 3 , 

— n 

|i*i = of i (= n) indicants with 
each other 

when 

(I), s , = the main diagonal cells con- 
tain the successive negative 
integers 
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relation that are appended to this chapter, there are many variant forms of cor- 
relation formulae. Some are variants suited to the form of the data (as in biserial 
and tetrachoric correlation). Others are variant methods of computing (such 
as the product vs. the difference formulae). All these can be shown to involve 
die essential principle, however, of the cross-product moment or its equivalent. 
The less accurate first-order correlation formulae like Sm, the coefficient of 
Similarity (Ref. 57, p. 659), and Spearman’s footrule from gains in rank are not 
included in the preceding statement which covers only the more accurate second- 
order correlation. 

5. The more detailed formulae are : 

For any scalar product : 

I • J = IJ cos Q (Eq. 6a, Ch. VI) 

for a scalar product of unit vectors : 

/! • ,J = cos e (Eq. 6b, Ch. VI) 

Since the scalar product is computable as the covariance (i.e., the average cross- 
product) : 

I • J = SIJ/P = oiajrn (Eq. 5b, Ch. VI) 

which in sigma units becomes 

J • cJ = SIJ/Poioj = ru (Eq. 5c, Ch. VI) 

Since vectors can be handled as algebraic quantities, the overlining denoting 
the geometric interpretation can be omitted as in Eq. 5. 

Note that in the limiting case where the population is one person, (P = 1), 
die mean product as stated in Eq. 3, Ch. VI becomes the ordinary arithmetic 
product J<rJ. Thus the arithmetic product is the special case at the limit of the 
scalar product. The scalar product or correlation coefficient is both more general 
and far more useful for sociological purposes. 

6. Whether a probability is simply a ratio of frequencies or whether it in- 
volves much more than that, such as “a degree of rational belief,” is a meta- 
physical question dividing philosophical statisticians into schools. (See Ref. 64, 
p. 281, footnote and further references.) The ratio, which is the objective meas- 
ure of probability, is the fact at the scientific level, for science requires objectiv- 
ity and agreement among observers. The discussion at the more metaphysical 
level of interpretation, however, should be known to the scientist for more com- 
plete understanding of the phenomena he observes. 

7. When the cases are persons this may be simply written as an attribute 
population product (see Ch. IV), as: 

% P = a population probability (Eq. 7b, Ch. VT) 

where P, are the persons with the implicit quality, I® and % P is the percent of 
persons with that quality. (See the graphed situations in Chapter IV for ex- 
amples.) S imil arly when the cases are occasions or temporal dates when some 
event did or did not happen, the attribute-time products give the ratio as: 

2t T°/( St T° + 2u T°) = - -p -- = a temporal probability (Eq. 7c, Ch. VT) 
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This is condensed notation from T° : T° = *1?° and j I~® : T° = U T° which defines 
t| as the n um ber of dates characterized by the presence of the quality and °| 
as the number of dates characterized by its absence. 

When the attribute, instead of being all-or-none, is subclassified I-, the prob- 
ability of each class is the ratio of the number of cases in it to the whole number 
of cases. Letting an indicant represent the number of cases or frequency of an 
attribute so that 


2 ip = i+i and Si Ii' : a' t j" f j'".« * o — • o (Eq. 8a, Ch. VI) 

then lyji' + Ij"/i' + lyji' + • • • = 1.00 probabilities of parts of a whole 

(Eq. 8b, Ch. VI) 

Thus, in S. 11, Ch. II showing a university enrolment by nationalities, the 
probability of any student met at random being an Abyssinian is 

P*'/ P '(=Ii'/i'Eo) = 2/1421; 


or of being a Palestinian is 

P*''/p'(= Ij"/i'Po) = 238/1421 

The probability of any one of several classes is the sum of their separate prob- 
abilities 

I(i'+j")/i # “ the probability of either j' or j" (Eq. 9, Ch. VI) 


The probability of some case in any one of all of the classes is complete cer- 
tainty, of course, as expressed by the unity in Eq. 8b. 

8 . It may be noted that a lower case letter script denotes an aggregation 
(i.e., a list of entities) only when in the scriptal position. It denotes a single 
number of entities when written as a base letter (as in the right-hand member 
of Eq. 7a, Ch. VI), or when, in the scriptal position, it is preceded by the sum- 
mation sign, 2, which directs the operator to sum the entities and convert the 
list to a single number as in Eq. 7c, Ch. VT above. 

9 . The binomial expansion is given by: 


(p + q) n 


P! v , P a-I q r = the binomial expansion, r 
x (n — r)!r! 


where p + q = 1 


( 


i.e., where p 



= 0, 1, 2, 3, • • * n 
(Eq. 10, Ch. VI) 
(Eq. 10a, Ch. VI) 


and where the observed fact is the sum of the all-or-none elements, n in num- 
ber. When n is large the resulting binomial distribution approaches the normal 
distribution curve. If p = q (i.e., if i = j), the curve is symmetric and it is 
skewed in proportion to their inequality. 


n? 

(n — r)lr! 


nC r = the number of combinations of n things taken r at a time. 

(Eq. 10b, Ch. VI) 


10. This reversal of reasoning is logically possible but not necessarily true, 
as it passes from the proposition, “If elements exist, then a normal curve” 
to the converse proposition, “If a normal curve, then elements exist.” There- 
fore, the existence of elements inferred from the given fact of a normal curve is 
an hypothesis. 
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11 . This assumption of a veiy large number of elements was used by Gauss 
in deriving the normal curve, which is often called the Gaussian curve after its 
discoverer. In the derivation of probable error formulae, differentials are taken 
as the small elements and squared and averaged and assumed to be normally 
distributed. In deriving the first formula for the normal correlation surface in 
1846, Bravais used the same concept of two variables each composed of a large 
number of small elements. 

12 . Non-normal distributions have been classified into other types as noted 
in the last chapter. These may also be assumed to arise from combinations of 
elements, though the properties of the elements which might give rise to each 
type of curve have been little explored as yet. Here may lie a fruitful field of 
research. 

13 . Note that an all-or-none characteristic is the boundary between attributes 
and indicants. It is an attribute which is either present or absent; it is also a 
two-category indicant whenever the presence and absence are assigned the values 
of 1 and 0 (1° = 1, I - ® = 0), respectively. When its frequency is to be counted 
in order to average it or treat it mathematically, it is considered as an indicant. 

14 . For an example of the correlation of three variables, see S. 41, Ch. VI. 

16 . The underlying assumption is the uniformity of nature, i.e., that condi- 
tions which in the past produced certain consequents will do so again and that 
variations from such a pattern are due to new factors. The whole weight of 
scientific experience favors this basic working hypo thesis. Even, however, if it 
were not true as a description of apparent reality, it would still be useful as 
defining a frame of reference. Any deviation from past experience would still 
be the new factor, only in this supposition the new factors would be more ca- 
pricious and the frame of reference probably less stable. 

16 . The coefficient of alienation ku or its square, the coefficient of non- 
determination ku(= 1 — r?j) is a useful measure of the unknown causation 
of the characteristic I. 100k 2 gives the percent of the causes which have still 
to be discovered and measured before correlation (and therefore, probability 
and prediction) becomes perfect, evidencing complete operational understanding 
of the causation of the given phenomena, I. The multiple curvilinear alienation 
measures more generally our residual ignorance when a team of partial causes 
is correlated with their supposed effect. Study S. 3, 12, 16, and 22, Ch. VI in 
fins connection. 

For an example of measuring our residual ignorance see Ogbum and Talbot's 
study (Ref. 52) of the “factors" in the presidential elections of 1928 in the 
United States between Hoover and Smith. The following “factors" and their 
relative influence were analyzed by correlational technics : 


“ Factor ” Relative 

Influence 

Foreign bom 5 

Rurality 32 

Democratic allegiance 663 

Catholics 109 

Wetness 314 


The authors conclude that 
59% of the “ factors ” of the 
election were measured, leav- 
ing 41 % undetermined. 
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17 . Again the definition for scientific purposes is carried only to an operational 
level where other scientists can check it and agreement of competent observers 
can be reached. Deeper metaphysical study of the essential connection, the in- 
herent pattern, of the flux of phenomena which we observe and measure in 
probability and correlation coefficients and time readings, would give a fuller 
understanding of those phenomena without necessarily increasing our ability to 
predict and control them better than by operational definitions. 

18 . This assumes of course that the observed correlation is not a spurious or 
unreliable one which may arise by computational errors, such as use of ratios 
with co mm on denominators, the use of inadequate samples, etc. 

19 . It is interesting to note that John Stuart Mills 1 five canons for induction 
of causation (the methods of agreement, of difference, of both together, of con- 
comitant variation, and of residues) can all be quantitatively carried out by 
appropriate forms of correlation scattergrams involving a time differential. 

20 . See also S. 30, Ch. VI and S. 4, Ch. XII. 

21. The advanced student will discover that these co-ordinates need not be 
Cartesian (i.e., orthogonal or mutually perpendicular), as oblique (i.e., non- 
orthogonal) co-ordinates are also possible. Orthogonal co-ordinates are simpler, 
however, and conform statistically to the canon of using non-overlapping cate- 
gories for classifying observed data. 

22. For illustration: 

S. 14, Ch. Ill presents generalized equations re-expressing two variables, 
x and y, in n co-ordinates which are elemental subcomponents. 

S. 23, Ch. II presents a matrix of coefficients of n indicants (“ tests”) analyzed 
into components (“ factors”) of three types: components common to several 
indicants, components specific to one indicant, and error components. 

S. 34, Ch. II resolves six indicants predicting college success into two co- 
ordinates, namely, an indicant of that success and another indicant totally inde- 
pendent of it. 

S. 42, Ch. VI exhibits two technics of transforming four observed characteris- 
tics into subcomponents. 

23 . The new journal, Psychometrika, is largely its organ. The sociologist 
interested in it but having little mathematical background cannot do better 
than study the introductory chapter on matrix algebra of Ref. 77. 

24 . A further comment or two may be of use to the advanced student in 
studying into the research in this field. 

1. The matrix for beginning the analysis may consist of: 

a. variances in the main diagonal cells and covariances in all other cells, 
yielding components in raw score units with a weighting dependent on 
the relative variances; 

b. intercorrelation coefficients and, in the main diagonal cells: 

i. “communalities,” which yield components (in sigma units) of the 
common or shared parts of the indicants; 

ii. reliability coefficients, which yield components of the common plus 
the specific part of the indicants; or, 

iii. unities, which yield components of the common, specific, plus error 
parts of the indicants 
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2. A transformation of a sheaf of vectors into other vectors (or into coordi- 
nates which are but a special type of vector used as a frame of reference) 
may involve the following kinds of change (see S. 21, Ch. VI) : trans- 
lation, stretching, reflection, rotation, and distortion. Translation is mov- 
ing the origin of a vector, leaving it otherwise unchanged, to the common 
point, 0. The amount of this translation is measured by the mean of that 
variable, since the origin is shifted from its observed zero to the mean as 
zero-point. The total amount of translation is usually the s um of the 

n 

means, 2 M I (a). Stretching is lengthening or shortening a vector, I, by 

changing its scalar units, as when the variables are all re-expressed in 
sigma units. If the ratio of the sum of the variances of the indicants to the 
sum of the variances of the components equals one, no stretching has 
occurred, i.e., if vhlch = 1 (b). 

Reflection is reversing the sign of a variable, i.e., using its extension 
on the other side of the origin, 0, as graphed for I 6 , i.e., —I + I ( c ). 
Rotation of the sheaf of vectors, I, as a whole, in each plane determined 
by every pair of vectors, results in reorientating the whole sheaf with re- 
spect to the co-ordinates, C, so that certain vectors may coincide with 
either their principal or centroidal components. The sum of the degrees 
of the angles of rotation divided by the number of vectors, 26 In (d) , might 
serve to summarize the amount of rotation involved in a given analysis. 

Finally distortion is changing the angles between the vectors, altering 
the angular structure within the sheaf. This distorts the facts in altering 
the observed correlations between the variables. A component analysis 
should be tested for distortion. If the determinant of the original correla- 
tions does not equal the determinant of the final components, distortion 
has taken place, i.e., A/A x = 1 (e) (e) is a test of distortion. ( (a) and 

(e) might be developed into percentage measures of stretching and of dis- 
tortion, if needed.) 

, following is an example of situations to which this technic for reason- 

ing may prove valuable: 

In studying competitive and co-operative behavior suppose that three vari- 
ables were distinguished: 

1. a competition-to-co-operation variable, C 

2. an economic scarcity-to-abundance variable, V 

3. an index of individualistic-to-collectivistic attitudes, I 

. Suppose that conclusions were drawn out of a study which might be stated 
in the following propositions: 

A. People tend to compete in a situation of scarcity, and tend to co-operate 
in a situation of abundance. 

B. Individualists tend to compete; collectivists tend to co-operate. 

t. In situations of abundance collectivism prevails; while in scarcity, in- 
dividualism tends to dominate. 

To what extent are these propositions true? Are we really dealing with three 
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variables, or is this an illusion due to three verbal names of variables and may 
these be resolved into less than three variables? Is there a compulsory general 
component in the three named indicants? 

To answer these questions some measurable indicant for each must be found 
and the three intercorrelation coefficients calculated. These coefficients measure 
the exact extent to which the u tendencies” in propositions A-C above hold 
good. The criterion in S. 43, Ch. VI would next show whether a general compo- 
nent is necessarily present. Next the optional technics would show whether two 
general components were sufficient to account for the observed correlations. 

It is to be hoped that sociologists will increasingly reason with the aid of 
technics such as these and get further away from the philosophic tradition of 
basing propositions such as A-C on informal observation and subjective judg- 
ment in verbal terms with shifty referents. 

26. The specific elements lower the correlation and produce the alienation. 
Their number may vary between the limits of zero and the total number of ele- 
ments in the index. At the lower limit, if i = 0, index I becomes wholly a part 
of index J (as an addend is a part of a sum of addends) and the formula becomes 


ru 



= correlation of a sum (J) and a part of itself (I) 


(Eq. 13b, Ch. VI) 

If multiplied by 100, r 2 would be the percentage that I is of J, i.e., the per- 
centage that the number, c, of elements making up I are to the number (c + j) 
of elements making up J. At the upper limit, c is zero and there is no correla- 
tion, r = 0. Intermediate is the special case where i = j, i.e., where I and J 
have the same number of elements. Here 


ru = — ^r-r = — — : = correlation of two indices with the same num- 
C + 1 C + J ber of elements (Eq. 13c, Ch. VI) 


Here lOOr is the percentage of common elements in each of the indices. 

27. The more usual procedure is to assign a value of zero to its absence. If 
its presence and absence are equally frequent, this results in a mean of .5 and 
a sigma of .5. To assign — 1 as the value of the absent characteristic is merely 
shifting to deviation units, so that <r = 1, and shifting the mean as origin to 
zero. 

28. The equations paralleling these verbal statements are: 


0 s 
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(Eq. 14, Ch. VI) 


(Eq. 15, Ch. VI) 


I 




c n Definition of an index composed of c elements 

(Eq. 16, Ch. VI) 
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Since the elements are by definition uncorrelated, the variance of their sum 
is the sum of their variances: 

(t 2 j = XcrJ = n the number of elements as the variance of an index 

(Eq. 17, Ch. VI) 

Next, if the two indices, I and J, are built up as the sum of the elements, 
the number of elements in each is given by their variances as, 

<r 2 i = c + i (Eq. 18a, Ch. VI) 

crh = c + j (Eq. 18b, Ch. VI) 


Substituting these in the product moment correlation formula (Eq. 3, Ch. VI) : 

XU 2IJT 

r = p— : = z~~F== — 7 == (Eq. 19a, Ch. VI) 

r<7iaj Pvc + i vc + j 

and equating this to Eq. 13, Ch. VI gives: 

SIJ 


= pu = c 


the covariance as the number of common elements 


= ( TiCTjTij 


(Eq. 19b, Ch. VI) 
(Eq. 19c, Ch. VI) 


Equations 14 through 19 may be said to define our “ e-elements hypothesis.” 
This is an extension to more than one variable of our “multiplex elements hy- 
pothesis,” presented in Chapter V in connection with normal frequency dis- 
tributions. 

29 . In equations this is stated as : 

o'rrio + 0i 2 r? s = Ci 2 (Eq. 21, Ch. VI) 

and rfs = 1 — Tig = kio (Eq. 22, Ch. VI) 

30 . The author is not aware of any loss of flexibility in this departure from 
statistical conventions, but is aware of several marked advantages — as in the 
use of the three descripts. Thus the symbolizing that an indicant is expressed in 
standard deviation units, »I, needs no explanation or key to anyone knowing 
the standardized meanings of the class-interval descript in S-formulae. The 
symbols for contingency, for scatter diagrams, and for matrices of any kind are 
believed to be simpler and more flexible in S-theory than the conventional sym- 
bols (or absence of them as in the case of the scatter diagram). 

The formulae accompanying each diagram are standard ones to be found in 
such a handbook as Ref. 22, except where explicit references are given to sources 
of less well-known formulae. A few formulae are definitional, defining the units 
or special conditions limi ting other formulae, and their derivation from context 
should be obvious. 

31 . Note that: 


*1 = 0 i (Eq. 25c, Ch. VI) 

Le., that a distance of one sigma may be symbolized in S-notation by the index, 
I, with a in the points cript, or equally well by a as a compound index written 
as a base letter, with I showing as its class script, the index for which a is the 
standard deviation. The latter version is the conventional one in statistics. 
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32. For description and blueprints of half a dozen such mechanisms developed 
by the author to facilitate correlational research in the social sciences, see Docu- 
ment 1051, American Documentation Institute, care Science Service, 2101 
Constitution Avenue, Washington, D.C. ; for complete original manuscript remit 
50 cents for microfilm form; $3.20 for photocopies readable without optical aid. 
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I. THE MEANING OF INTERRELATION 


A . Definitions 

The term interrelation here denotes a relation of stimulus and 
response between two or more parties. It may be an active or 
suspended relation; it may be qualitative, quantitative, spatial, 
or temporal, between two persons, between two groups, or be- 
tween a person and a group. A group is defined as a plurel be- 
tween the members of which such interrelations exist. A group 
consists of interrelated persons. When the relations are dynamic 
ones of events, change, or actions, the term “interaction” will 
be used. (See Ch. X.) Interaction and static interrelations then 
constitute all interrelations. 

Interrelations can be systematically set forth in the interrela- 
tion matrix: 



'P 

"P 

///p 

— 

— 

'P 

"(I) 

,: "(I) 

I) 

— 

— 

" p 

" ; '(D 

// ; //(I) 


— 

— 

p 

'"'(I) 

///=//(!) 

/,/:/ "(I) 

— 

— 

— 

— 

— 

— 

— 

— 


= pP :: p P : (I) the 
interrelation matrix 
(Eq. 1, Ch. VII) 


Each person, represented by one row, is cross-classified against 
every other person represented by one column (and against him- 
self in the main diagonal cells), and the relationship between each 
pair is indicated by the index in the cell. Small letter descripts 
may conveniently designate rows and represent the actor or ex- 
pressor parties, while capital letter descripts designate columns 
in the full interrelation matrix and represent the same parties as 
recipients of transitive relations. The index may be an attribute, 
as in Moreno’s spontaneity tests (see S. 52, Ch. X) where, when 
two persons face each other in an impromptu dramatization, they 
exhibit emotions of anger, fear, etc., in the course of the impro- 
vised dialogue. The emotion exhibited by one person, T, towards 

38f> 
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another, "P, would be denoted by the attribute in their joint cell 
and the responding emotion of the latter person would be 
denoted by, " : 'I° ; ,. The relation between the pair may be an all- 
or-none (ordinal) indicant, as when each person in the group 
chooses or does not choose each other person as a roommate. 
The dyadic relation (as Von Wiese calls the relation between the 
two persons of a pair) may be expressed in a cardinal indicant 
as in a social distance test. (See S. 13, Ch. VII.) The relation 
may be temporal as in the duration (T +1 ) of a friendship, or 
spatial as in an intervening geographic distance (L). 1 * 

B. The Quantic Formula for the Interrelations, P s 

The essence of complete interrelation is a cross-classification 
of every party with every other party. Obviously many, if not 
most, recorded presentations of interrelations are incomplete, in 
that only irregular cells or partial patterns of the whole matrix 
are presented. For the whole matrix for one index there are 
interrelations, P 2 in number. P 2 is the number of cells, the product 
of the number of rows times the number of columns. 

This cross-classification is a form of multiplying every party 
by every other party. Since in multiplying, the exponents are 
added, the exponent of the population sector is 2 in the formulae 
for interrelations (1) through (4). The quantic digit of 2 in the 
quantic number t;i;l;2, then, identifies a situation composed of 
interrelations. P-, denoting interrelations of every party times 
every other party, 2 f is the top stratum of blocks in S. 33, Ch. II, 
the three-dimensional model for visualizing the quantic classifi- 
cation. Within this stratum, however, the present chapter deals 
only with the static array, T°, leaving interaction (I* »* °) to Chap- 
ter X on Change. 

In the preceding chapter the cross-classification of two indices 
in the scattergram was seen to be summarized by the correlation 
coefficient. The correlation coefficient was seen to be a scalar 
product by the rules of vectorial algebra and was, therefore, a 
quantic of the second degree and w T as so symbolized by I 2 , which 
denotes a correlation. The cross-classification of parties does not 
seem to yield a scalar product. But the amount of interrelation- 
ship may be s umm arized in one index, such as a percentage of 

* ° r tv^ 3 * vri, see notes at end of chapter. 

T For Eq. 5 y Cit* VII t oeo notes at end of chapter. 
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maximal interrelation when a natural or definable maximum 
exists. It may prove possible to relate such a percentage to a 
cosine and so express the total amount of interrelationship in 
geometric terms as the angle between two vectors. If the vectors 
represent p P p and ( p P p ) ' (where priming indicates that the parties 
may or may not be identical with the unprimed parties), then 
maximal interrelation of 100% would mean that the two vectors 
coincided (i.e., cos 9 = 0), while minimal interrelation of 0% 
would mean complete independence or unrelatedness. 3 

Another type of analysis of the interrelation matrix, which has 
been little explored as yet, is to analyze its variances. The vari- 
ance of the whole matrix, the variance within arrays, and the 
variances of means of arrays may be expected to s ummar ize 
much significant information. The variance is a scalar product of 
the indices in the cells. When these indices are populational ones, 
the variance involves squaring the P’s and so in this case involves 
P 2 explicitly. When this matrix shrinks to its lower limit of one 
cell the variance of the P in that cell entry is simply P 2 and the 
ordinary arithmetic square is seen to be the lower limi t. 0 f the 
variance for a population of one plurel. In general any index 
raised to a power denoted by the integral exponent e is but the 
limiting case of the eth statistical moment in a population of one. 
The quantic digit then covers both statistical moments (means, 
variances, correlations, etc.) and ordinary powers of an index. 

C. The Sociological Importance of Interrelations 

Interrelations of persons and groups and their dy nami c sub- 
class of interaction are becoming a major category for Sociology. 
Von Wiese, in his Systematic Sociology (Ref. 78), develops the 
three chief categories of Sociology as relationship, plurality- 
patterns (groups), and processes. In our quantic system the rela- 
tionships are expressed in indices of relation (I). Groups are 
plurels having such relations between the members, P P :: P P : (I), 
and processes are largely these with the time component included 
in the situation, T" 1 : P P :: p P : (I). Simmel in 1895 defined 
society as follows: “Society, in its broadest sense, is found 
wherever several individuals enter into reciprocal relations.” 
Uief. 63, p. 413.) Other sociologists have developed the concept. 
Eubank, in his systematic Sociology where he reviews the litera- 
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ture on “ relationship/' makes it one of seven major categories. 
(Ref. 25.) In our system in this volume we regard interrelations, 
the field of this chapter, defined by the descriptive formula Eq. 4, 
Ch. VII, or the quantic formula of P 2 , as the core of Sociology. 
Much of the S-theory systematizes quantitatively expressed phe- 
nomena in all the social sciences, and to that extent would be 
considered by many sociologists as exceeding the bounds of Soci- 
ology. But there will probably be more agreement among sociol- 
ogists that the phenomena of interhuman relationships are dis- 
tinctly and peculiarly the field of Sociology conceived as one of 
the social sciences, rather than as a synthesis of them. 

These interrelations are most systematically presented in the 
interrelation matrix. In the first place, the matrix provides a 
cell for every possible interrelation which can exist. By providing 
col umn s and rows for every person and every combination of 
persons pertinent to any study, every possible interrelation is 
provided for in the appropriate cells. Too often interrelations 
between selected persons have been studied to the neglect of 
others in the situation, with no proof of the representativeness 
or completeness of the selection. Just as correlation, by including 
all cases, overcame the bias in older anecdotal technics of arguing 
from illustrative cases only, so the matrix, which calls attention 
to empty cells representing unobserved relations, is a technic 
tending towards completer observation of the situation and guard- 
ing against generalizing from partial data. 

In the second place, the matrix concentrates attention on one 
characteristic at a time; it isolates for study one index interre- 
lating all pairs of parties. Other correlated indices require further 
matrices — one interrelation matrix of the second degree to every in- 
dex. Interrelations of persons and groups are disentangled from cor- 
relations of their characteristics. Thus, writing out the matrix is an 
operational technic towards achieving the scientific procedure of 
isolating one variable at a time, and observing its correlates, before 
going on to study that variable in combination with other variables. 

In the third place, the matrix expresses clearly the essential prop- 
erty that an interrelation is not an attribute or characteristic of 
either party alone, but only of both jointly. It involves a pattern 
(Von Wiese’s “plurality-pattern”) of at least two persons and a re- 
lation between them. Mathematically, it is a product of two parties. 
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In the fourth place, the matrix is an operational definition of 
an interrelation. If the row and column person or group c ann ot 
be identified, the alleged interrelation is not an interrelation, but 
some other type of characteristic. A true interrelation must have 
the parties who are interrelated identified. This operational defi- 
nition of constructing the matrix should reduce verbal vagueness 
in dealing with interrelations. 

Finally, the interrelation matrix serves as a tool for further 
synthesizing and analyzing operations. Societal processes, as will 
be seen in Chapter X, can be derived as indices summarizing 
parts of such matrices, such as means of certain configurations 
of cells, sigmas of columns, correlations of rows, etc. There is the 
possibility, with research, of applying fruitfully, the mathemati- 
cal technics of transforming matrices, depending on their rank, 
and analyzing out new uncorrelated components which may 
yield greater understanding and control of the phenomena in- 
volved. 

As an example of some of these features of the interrelation 
matrix, Moreno's highly significant and pioneering studies may 
be cited. His book, Who Shall Survive (Ref. 48), was used by the 
present author, and every graph, table, or form ula, in it was re- 
duced to a descriptive S-formula. (See S. 2, 3, 4, Ch. VII, for 
examples.) The result was, first of all, to reveal that almost every 
one of them had the quantic of P 2 . (In fact this quantic had 
previously been almost unused in the author’s experience in 
analyzing sociological quantitative records.) Next it was found 
that Moreno s situations grouped themselves into families ac- 
cording to the form of the descriptive formula. From this analysis, 
missing members of “families” and further possible “families” 
suggested further data and research investigations, or experi- 
ments, which would be desirable to extend our knowledge of these 
phenomena. Moreno’s diagramed “atoms” (seeS. 24, Ch. XII) 
proved to be the row and column of one person in the matrix. 
Phenomena of leadership, popularity, etc. can be quantitatively 
studied by similar selection of arrays of the matrix. All the variant 
forms of interrelation matrices, discussed below in Section IV of 
this chapter, grew out of reflection upon and analyses of Moreno’s 
data-in his book and similar data in his new journal, “Soeiom- 
etry,” “a journal of interpersonal relations” (Ref. 65). 
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II. INTERRELATIONS CLASSIFIED BY CONTENT , 

i.e., BY SECTORS 

For a systematic treatment of interrelations, they will be clas- 
sified on two bases: first, on the basis of their content , according!} 
as they involve indicatory, population, spatial, or temporal in- 
dices ; and next, on the basis of their form , subclassified (a) accord- 
ing to the chief shapes of the three-dimensional surface of the 
matrix, and (b) according to the form of their internal structure 
in combinations and permutations of their membership. 

A. Experimental Verification of Any Classification 

Most of the classifications of interhuman relations hitherto 
have suffered from the defects of verbal abstraction which is not 
closely tied to objectively observed data. The resulting subjec- 
tivity has produced a different classification for every author. 

Thus, one of the best and most thorough classifications is that 
of Von Wiese (Ref. 78). His organization of interhuman relations 
is masterly on the verbal level, but on an experimental level, 
leaves much to be desired. This is not a condemnation, for soci- 
ologists have not, hitherto, demanded experimental testing of the 
classifications of phenomena which they invent. Probably most 
sociologists do not conceive of how an experimental verification 
of a classification is possible. Yet it is a simple procedure which 
should become routine. In outline, it is simply for several sociol- 
ogists to collect items of the kind to be classified, making either a 
complete collection, or one that with proper sampling controls is 
representative. This forces several sociologists to agree on the 
definition of the field to be classified and tests the workability of 
that definition. Next, each independently assigns each item to 
what he considers its proper class in the classification. This tests 
the inclusiveness of the classification, for, if there are items which 
do not fit into any one class, then the classification is proven to be 
incomplete. Either new classes are required to fit the facts, or 
else the definitions must be altered so as to include these items in 
some existing class, or exclude them from that classified field. 
Some index of agreement, 4 such as the percentage of discrepant 
assignments of items into classes, is next computed. This tests 
the ambiguity of the classes. The percentage of discrepancy will 
rise, in proportion to the overlapping of the classes. A perfect 
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classification is one with non-overlapping classes, and is proven 
by competent persons to be such by a zero percentage of discrepant 
allocation of items into classes. 

Such experimental verification of the classification of societal 
phenomena as S-theory offers has been made for the quantic 
classification as described in Chapter II. Experimental verifica- 
tion of the sub classification of interrelations (the P 2 class of the 
quantic) by content is in the first stage of gathering an adequate 
sample upon which to experiment. Pending the result, the classi- 
fication by content will be stated here as an hypothesis which is in 
process of being tested. 

We followed Eubank’s analysis (which modifies Yon Wiese’s). 
(Ref. 25, p. 307.) He points out (giving references to Kant’s 
classic categories) the various kinds of relationships as : 5 

1. spatial — our spatial index in the matrix cells, L 1 

2. temporal — our temporal index in the matrix cells, T* 

3. similarity — our common characteristic in the matrix cells, I 1 

4. cause and effect — our combination of correlation, I 2 , and 
time sequence, T' 1 , as analyzed in the preceding chapter, 

T -ip 

5. reciprocity (interaction) — our combination of causation and 
interrelations, T” X I 2 P 2 

Eubank points out that these general relationships are only so- 
cietal ones, when they grow out of mental interaction. (We ex- 
press this by limiting interrelations to relations of stimulus and 
response, which are two-way relations in the complete formula 
Eq. 4, Ch. VII, of our definition above.) Of these five types we 
shall deal first with the third kind, indicatory interrelations, and 
with the others in their turn, reserving those involving time in- 
dices for Chapters X and XI. 

B. Indicatory Interrelations 

The indicatory interrelations are to a large extent synonymous 
with social distances — a concept which started as a technic of 
observing attitudes interrelating people. Eubank distinguishes 
three types of social distance: horizontal distance (intimacy), 
vertical distance (status), and lateral distance (similitude). 

Horizontal social distance or intimacy is usually measured by 
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endorsement of one of five statements of attitude ranging from 
most intimate (such as: “I would marry — ”) to most distant 
(such as: "I would like to debar — from my country”). (See 
S. 12, Ch. II, and S. 1, 12, 13, Ch. VII.) Eubank suggests (Ref. 
25, p. 326) that horizontal social distance depends upon the fre- 
quency, duration, intensity, and emotional quality of the con- 
tacts. This can be verified by correlating each of these four char- 
acteristics of the contacts with a social distance test score, and 
finding the multiple correlation. The multiple non-determination 
coefficient, k 2 123 ... n , would give the proportion of the social dis- 
tance that is not determined by these four (in the specified experi- 
mental situation, of course). 

Vertical social distance, or relative status, is dispersion on a 
valued index, as discussed in Chapter V. The relative status of 
persons or of plurels is measurable in sigma units above or below 
the mean. It is also measurable by a social distance margin. 6 * 

Lateral social distance is not a clear-cut concept to us. It seems 
partly a matter of the degree of differentiation, or absence of it, 
and is, therefore, covered in part by Eq. 21a, Ch. V. It is also, 
in part, the sympathy accompanying “similitude” and would be 
measurable by tests of sympathetic attitudes. 

Of course, the terms “horizontal,” “vertical,” and “lateral,” 
denoting three perpendicular dimensions, are figurative. They 
need not remain so, however, as it is only a matter of experimen- 
tally determining these three types of social distance in one popu- 
lation, and from their correlations determining the angles between 
their three (vectorial) dim ensions. 

Under the heading of association, Eubank summarizes the 
types of interaction with their resulting adjustments and status- 
relationships in an outline which, reproduced in part, is : 


Interaction Relationship 

Opposition 

conflict 

competition 

t 

Accommodation 

combination 

fusion 


Adjustments 

Elimination, P„ „« 0 


Subjugation, P,>„ 
Compromise, P,-„ 
Alliance, P, + „ 


Status Relationship 
Incommensurable 


Inequality 
Near equality 
Equality 


Integration, P„, 

* For Eq. 6, Ch. VII, see notes at end of chapter. 


Identity 
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These adjustment relations between persons or between political 
and economic groups are approximately designated by somewhat 
more specific terms in personal, business, or national fields, such 
as: 


General Term Between Persons 


Between Business Firms Between Nations 


Elimination 

Subjugation 

Compromise 

Alliance 

Integration 


Murder 

Slavery 

Acquaintance 

Partnership 

Intermarriage 


Bankruptcy 

Monopolistic competition 
Competition 
Trade association 
Merger 


Belligerency 

Rivalry 

Independence 

Alliance 

Federation 


Terms such as these are useful hypotheses, roughly indicating 
an interrelational continuum which has been variously described 
as one of approach — withdrawal, binding — loosing, association — 
dissociation, sympathy — antipathy. To test the hypothesis of a 
continuum will require devising schedule cards itemizing objec- 
tively definable attitudes, actions, and material equipment in 
specific fields, and refining these by appropriate statistical tech- 
nics, until scales emerge which will measure (and thereby opera- 
tionally define) the interrelational continuum. Social distance 
tests are one form of such a measure for attitudes; but actions, 
events, equipment, organization of personnel, and similar phe- 
nomena will indicate interrelations even more fully. (See S. 7, 10, 
11, Ch. VII; S. 50, 52, 54, 55, 56, 57, Ch. X; S. 37, Ch. XI for 
examples.) The measurement of interrelations of people is perhaps 
the major field for sociological research. 


C. Temporal and Spatial Interrelations 

The interrelations of people may involve temporal indices in 
the cells of the interrelation matrix, as in situations recording the 
duration of friendships, ( P P :: P P : T +1 ), the frequency of visits, 
( P P :: P : t T°), or the velocity and acceleration of any interac- 
tion, ( P P :: p P : T” 1 ~ 2 ) . (See S. 50, 52, 54, 55, 56, 57, Ch. X; 
and S. 37, Ch. XI.) The durational and dynamic interrelations 
are taken up in Part V, Chapters IX, X, and XI in studying time 
indices of societal situations, (TT 2 ). 

Spatial interrelations exist when people are separated by geo- 
graphic distances and by varying degrees of accessibility, i.e., 
facilities of transportation and communication which reduce geo- 
graphic separation. Such relations are the distances between 
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clienteles and their specialists in some center, such as school, 
church, library, playground, market, factory, or office. These 
distances are often better expressed in units of travel time, finan- 
cial cost, frequency of transportation service, etc., than in units 
of physical length. (See S. 4, 7, 13, Ch. VIII; S. 84, Ch. X. The 
spatial relation is explicit, but the plurels interrelated are not 
explicit in these situations as recorded.) 

Crowds are plurels with a spatial element in their definition. 
Fuller discussion of these phenomena will be postponed to Chap- 
ters VIII and X, when the spatial and temporal indices and their 
combinations in patterns of interrelated people (groups) are sys- 
tematically dealt with in their turn. 7 

Z). Populational Interrelations — Mobility 

The last type of interrelations classified by the indices that 
occupy the cells of the interrelation matrix, is a populational one. 
Here a number of persons, P,.is the cell entry. This usually occurs 
when plurels are the interrelated parties. The matrix shows the 
interpenetration, or overlap, of plurels. Thus, the cell entry might 
be the number of members common to two plurels. It might be 
the number of persons in one plurel which were formerly in the 
other, as when the foreigners in a country are cross-classified 
by nationality of origin, or conversely, when several nations’ 
citizens abroad are cross-classified by country of residence. 

The interdenominational exchange of church members, the 
interoecupational experience of employees, racial intermarriages, 
and all censuses of migration and mobility of population are 
further examples of populational interrelations. 8 * 

III . INTERRELATIONS CLASSIFIED BY THE FORM OF 

THE SURFACE OF THE MATRIX 

A . The Interrelation Surface 

When interrelations are classified on the basis of the surface 
of the interrelation matrix, operational definitions of isolation 
and contact, leadership and popularity, in-group and out-group, 
and other sociological concepts, emerge. The ‘ ‘interrelation” 
surface is the upper surface or face of the solid whose length and 
breadth is the number of rows and columns of the interrelation 

* Fot Eq. 7, Ch. VII, see notes at end of the chapter. 
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matrix, and whose height is a variable determined in each cell by 
the cell index. Thus, in the formula P P :: p P : (I), there will be 
P 2 values of (I) . Of the shapes of this surface the chief types may 
be classified as “peaks,” “ridges,” and “plateaus” accordingly as 
cells, arrays of cells, or areas of adjacent cells, rise above the level 
of the surrounding cells. These may be referred to as “inverted” 
peaks, ridges, or plateaus, whenever cells, arrays, or areas, sink- 
below the level of the surrounding matrix. These are terms bor- 
rowed from Geology, to aid in visualizing cells, arrays, or blocs 
of cells, which are more exactly definable as extreme deviants 
(i.e., beyond a specified point) from the mean. 

B. Peaks — Points on the International Surface 

1. Dyads 

Whenever the interrelation of one party to another exceeds the 
interrelations of the other parties to each other, that one cell 
shows a “peak” in the interrelation surface. In a girl’s boarding 
school, the adolescent “crush” of a younger girl on an older one 
is such a one-way relation of high intensity. Wherever the rela- 
tion is either (a) mutual, or (b) reciprocated, there will be twin 
peaks in the two cells "(I) and '(I) symmetrically located with 
respect to the main diagonal of the matrix. This is exemplified 
whenever two people fall in love with each other, intensifying the 
index of relation in their two cells of the matrix to the exclusion 
of all other cells representing their other acquaintances. All 
mating, pairing, the “dyads,” more fully discussed by Von Wiese, 
are instances of peaks in the interrelation surface. Degrees of 
difference in interrelations, critical points separating class- 
intervals of interrelations and defining categories of friendship, 
hostility, and similar relationship terms, are geometrically 
amounts of altitude or points on altitudes. One function of the 
surface is to visualize the relative interrelations ; another function 
is to facilitate more precise observing of interrelations by ex- 
pressing them as linear magnitudes. 

2. Cliques, or Blocs 

Peaks are “pointed” when they rise in a single cell, but “blunt” 
peaks occur when a cluster of adjacent cells rise well above the 
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rest. Since the arrays are commutative, rearrangement of them 
can often discover or produce such blunt peaks. These are cliques 
sociologically, if the index is one of cohesive relations. They may 
vary in size from triads up, until they cease to be a “peak.” 
Beyle has studied such cliques of interrelated legislators when the 
index is the number of similar votes on legislative bills, under 
the concept of “attribute cluster blocs.” (Ref. 4. See S. 10, Ch. 
VII.) The matrix formulation is a valuable' aid in identifying 
such cliques, defining major and minor cliques and “fringes” in 
topographic terms comparable to peaks, zones between altitude 
contours, etc. The matrix assists in establishing order and defi- 
niteness of classification in complex and semi-intangible patterns 
of sociological interrelations. The matrix assists in systematizing 
data; but the essential and more difficult scientific problem is 
still, to improve the data, to develop more adequate indices of 
interhuman characteristics. 

C. Ridges — Lines on the Interrelation Surface 

1. Leadership — Rectilinear Ridges 

A ridge in the interrelation surface is an array that is an ex- 
treme deviant from the mean of arrays (or from the mean of the 
matrix). A rectilinear ridge identifies the party which in that 
particular group of parties is outstanding. (A rectilinear ridge is 
that of one row or column in contrast to a diagonal array.) A 
single rectilinear ridge reveals a one-way relation, such as that 
of the “star” or Aero, who may influence many other people 
without direct individualized reciprocal influence from them upon 
himself A cross-rectilinear ridge, i.e., a row and the corresponding 
column, reveals the leader . The nature of the indices in the cells 
specifies the type of leadership, of course. But a cross-ridge indi- 
cates the person whose two-way relations to and from the other 
persons of the group, which is specified by any matrix under study, 
are highly unusual. The average altitude of the ridge measures 
the degree of leadership of that person, and the slope of the ridge 
indicates the dispersion of his leadership, i.e., the extent to which 
either incoming or outgoing influences vary in being stronger 
with some members of the group than with others. The average 
degree of leadership of one person can be interpreted in sigma 
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units from the mean of the indices of the matrix. Thus, using the 
terminology developed in discussing "social problems,” a “max- 
imal ” would be a person the mean of whose interrelation indices 
exceeds some defined point, such as two sigma above the mean 
of all indices of the group which is operationally defined by the 
matrix. 

* 

M C :: P I) > +2 *(I) = a brief formula defining leadership (of the sort 

indicated by the index (I)) (Eq. 8, Ch. VII) 

This states that the mean, M |, of the indices of one person, 'I, 
cross-classified with all the persons, ::P |, exceeds two sigma above 
the mean of all indices. If the index is normally distributed he 
will be one person in fifty. The outstandingness of the leadership 
varies with the coefficient 2. If 2 becomes 6, the leader is one 
person in two billion and so is unique in the living population of 
the world today. 

At the other extreme, a “minimal” is a person characterized 
by an average amount of interrelation which is less than some 
defined point, such as minus two sigma. 9 * Thus, if the relation 
is one of social distance, the minimal would be the hermit, the 
ostracized, the exiled, the isolated person; or the minimal might 
be the enemy, if the statements of attitude, which define any 
particular test of social distance, range from most friendly to most 
hostile. 

For some examples of sociological studies of rectilinear arrays 
of the interrelation matrix, the “atoms” of Moreno, Lundberg, 
and Runner (S. 14, Ch. VII and S. 24, Ch. XII), and tests such as 
the ascendance-submission tests of Allport may be noted (Refs. 1 
and 48). Moreno diagrams the relations of one person to all 
others in the group as a radial atom with nucleus and periphery 
(see S. 24, Ch. XII). An “atom” is the row and column of one 
person in the interrelation matrix. A better term is “socius,” 
a person as a companion, i.e., interrelated to other persons. Then 
the interrelation matrix of P socii might be referred to as a 
sociation,” or more simply as a human group. 

_ r ^ c diagram is more graphic, but the matrix form of presenta- 
tion insures complete and systematic observation of interrelations 
with less possibility of bias through selection of unrepresentative 

* For Eqs. 9a— b, Ch. VII, see notes at end of the chapter. 
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cells or arrays. In terms of the interrelation surface, Moreno's 
“popular” vs. “friendly” persons show unequal row and column 
ridges. (Compare S. 12, Ch. II and S. 1, Ch. VII, for examples 
of unequal friendliness and popularity.) His “powerful” persons 
are those wdth only a few friends, but friends w r ho are leaders. 
(See S. 3, Ch. VII.) The interrelation surface identifies these 
“powerful” persons by peaks in their arrays at their intersections 
with the ridges of those leaders. Thus, the geometric interpreta- 
tion can assist in quantitatively determining these concepts of 
the sociological structure of a group. 

One-sided relations of some people to others is still the rule in 
quantitative studies in the sociological literature. Very few quan- 
titative studies of two-way relations of some people towards 
others, and of those others towards them, seem to have been 
published hitherto. Thus, the large literature of social distance 
tests is almost always concerned with distances of some parties 
towards others, and seldom ascertains the reverse distance of 
those other parties towards the former parties. (For tw r o excep- 
tions, where two-w r ay distance was obtained under comparable 
conditions, see S. 12, Ch. II and S. 1, Ch. VII.) 

Of course, a pair of rectilinear arrays, the ‘ 4 atom ' ' of interrelation- 
ship, may be selected for study by itself, regardless of whether it is an 
unusual deviate, i.e., a ridge, or not. Thus, in S. 56, Ch. X, Japan's 
import and export relations ’with other nations represent, when 
arranged in the form of a rectangular matrix, the row T and col umn 
of Japan's interrelations in foreign trade. In S. 52, Ch. X, Moreno 
presents the emotional attitudes of “Elsa” towards each of four 
other girls, and the attitudes of each of those four towards “Elsa.” 

2. Societal Isolation — the Main Diagonal Ridge 

A fundamental property of the interrelation matrix for soci- 
ologists is that it provides a mathematical definition of the con- 
cepts of isolation, contact, interaction, and in-group and out- 
group, through the comparison of the main diagonal ridge with 
the rest of the matrix on either side. 

Whenever the cell indices indicating the nature and amount 
of some positive interrelation exist only in the diagonal cells, and 
are zero for all other cells, the parties are isolated (with respect 
to the characteristics measured by those indices). Such a matrix 
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of entries in the main diagonal cells only, is called a diagonal 
matrix. 10 * 


'P 


" P '"p zp 



*P 


(I) 0 0 - 

0 (I) 0 - 

0 o (I) — 


0 0 0 


0 

0 

0 


= p:P '(I) = a diagonal matrix. 

Persons in isolation 
(Eq. 10a, Ch. VII) » 


All the relations here are self -relations. The number of such 
self-relations is p; the number of non-existent non-self-relations 
is p 2 - p, as the total number of matrix cells is p 2 . 

In the case of plurels in isolation, all the relations are in-group 
ones, and no relations with an out-group exist. These may be 
termed “in-relations” in distinction to the “out-relations” with 
out-groups. The term “intra-relations” may be used conven- 
iently to include self-relations of persons and in-relations of 
groups; the term “extra-relations” may include alter-relations of 
persons and out-relations of groups; the term “interrelations” 
includes all these relations between parties. (For an example, 
the ratio of in-relations to out-relations among religious sects 
has been measured and found to be 1 to 10, in S. 12, Ch. II.) 

Isolation, of course, may be approached in varying degrees, so 
that an index measuring the percentage of isolation in a given 
group of persons or plurels is desirable. One such index might 
be the ratio (in percentage units) of the mean of the extra-rela- 
tions to the mean of the intra-relations, i.e., the mean index of 
the non-diagonal cells to the mean of the diagonal cells. 12 f 
When this index is zero, isolation is perfect. No extra-relations 
with other persons or out-groups exist. When this index is 100%, 
intra-relations equal extra-relations, i.e., there is no difference 
between self-relations and non-self-relations, or between in-group 
relations and out-group relations. This condition might be called 
mutuality” between extra- and intra-relations. 

Care must be taken in applying this formula to make sure that 
the units and scale used are appropriately handled. Thus, in the 
c&se of a social distance test, the scale must be reversed, since 
larger social distances to out-groups mean greater isolation and 
smaller distances to in-groups. Thus,' in S. 12, Ch. II, and S. 1, 

*p° r Ch. VII, see notes at end of the chapter, 

i jor Eq. 11, Ch. VII, see notes at end of the chapter. 
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Ch. VII, not .the social distance, but the social nearness, the 
complement from 100 of the percentage social distance score 
should be used. The social distance scale has to be reversed. (A 
comparable, though not arithmetically equal, index could be used 
in turning Eq. 11 upside down, i.e., taking the reciprocal of h.) 

Equations 10 and 11 can become powerful tools for more rigor- 
ous study of the sociological phenomena of isolation. They bring 
to this study the precision of matrix algebra. The different socio- 
logical forms of isolation, such as geographic, physiological, cul- 
tural, and attitudinal (Ref. 25, p. 318) can all be handled insofar as 
suitable indices can be devised to indicate such causes of isolation. 

Si m ilarly, the alleged consequences of isolation in the retarda- 
tion that follows early isolation, the degeneration that follows 
isolation later in life, and the originality that develops from alter- 
nating isolation, can be studied more accurately, proportionately 
as the terms become better defined and measured. As usual, the 
chief methodological problem is observational, i.e., to obtain 
better data. The technics for handling such data have been more 
highly developed in advance. 13 

.D. Plateaus — Planes of the Interrelation Surface 

Logically, the study of isolation next leads to the study of con- 
tact phenomena. This also follows geometrically, since the study 
of isolation defined by the main diagonal ridge is completed by 
the study of the two triangular planes which lie on either side 
of the diagonal, and which define “contact.” 

1. Biplanae Surfaces 

a. Societal contact 

Contact may be defined sociologically as one-way action, in 
which A influences B whose responses, however, do not stimulate 
A in return. Movie audiences, listeners to broadcasts, and readers 
of printed matter are co mm on examples. When the movie-goer, 
or listener, or reader, writes to the movie star, or broadcaster, or 
author, it becomes two-way action or interaction. 

In terms of the interrelations matrix, contact may be defined 
as a triangular” matrix. A triangular matrix is a particular 
type of matrix which is asymmetric about the main diagonal, in 
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that the cell entries on one side of that diagonal are ze^ and 
are positive on the other side. 
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matrix defining societal con- 
tact 

(Eq. 12a, Ch. VII) u * 


The maximum number of contacts, without interaction, in a 

p2 — P 

population of p parties is — ■ , which is the number of cells 


in one triangle, excluding the main diagonal cells. 15 

The two-way transitive relations which constitute interaction 
require both triangles of the matrix on both sides of the main 
diagonal, since, in general, the relation of A to B is not the s am e 
as the relation of B to A. Whenever the relations both ways are 
equal, they constitute a matrix that is called sy mm etric about 
the main diagonal. But the general case is that of asy mm etric 
matrices of cells, p 2 in number, where p is the number of persons 
or plurels, whichever is the unit in the population studied. Con- 
tact, then, is a special form of asymmetric matrix where one tri- 
angle has zero indices, i.e., where return relations are non-existent. 
Thus, living persons cannot now influence the dead, no matter 
how much they may be influenced by the dead. 

The interrelational matrix, of course, may exhibit all degrees 
of asymmetry from contact as the limit of maximal asymmetry, 
to equality of the two triangles as the opposite limit of perfect 
symmetry. 

The degree of asymmetry can be measured by some index de- 
rived either as a summarizing ratio, or as a difference of the inter- 
relations in the two triangles on either side of the main diagonal. 
The average social distance margin is such a difference. The per- 
centage that the mean of the indices of the cells of one triangle 
is to the mean of the other triangle (taking the larger average, 
denoted by the prime, always as the denominator) would be one 
measure of asymmetry. 

This index becomes zero when the interrelations become exclu- 
sively contact relations, and rises to 100% when the interrelations 
are equal both ways, i.e., symmetric. 16 f 

*For Eq. 12b, Ch. VII, see notes at end of the chapter. 

T For Eq. 13, Ch. VII, see notes at end of chapter. 
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Symmetric interrelations may be either univalent or bivalent. 
A univalent relation is one that needs to be measured but once, 
such as the miles separating two persons. The mileage has but 
one value, whether it is measured as distance from person A to 
person B, or from B to A. A bivalent relation is one that has to 
be measured twice, such as the social distance of person A to 
person B, and the other social distance of B to A. These social 
distances may have two values and so be bivalent. In special 
cases, the tw T o social distances (or any other bivalent relations) 
may be equal, and so the matrix may become symmetric. As 
will be seen in Chapter X, interaction is usually bivalent since it 
involves one transitive relation going from one person to the 
other and the return transitive relation. 

b. One-way relations in general — the bipartite matrix 

The interrelation surface lends itself to selection of a part of 
itself for more intensive sociological study. Thus, the area on one 
side of the main diagonal may be studied alone. This area in- 
volves one-way relations (which coincide with two-way relations 
when the relations are univalent), but is more general than the 
case of contact, since the cell indices on the other side of the 
diagonal may not be zero. They may be unmeasured or measured 
and deleted in the matrix in order to concentrate attention on one 
set of relations. The typical pattern is a rectangular matrix 
selected from one side of the main diagonal of a complete inter- 
relation matrix. 
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This is the usual situation in social distance tests where the 
attitudes of a population, which responds to the test towards 
each of a number of plurels, are ascertained without ascertaining 
the reverse attitudes of those plurels to the one population. Essen- 
tially this represents relations between one set of parties and each 
of a second different set of parties. This matrix may, therefore, 
be termed the bipartite matrix. Its formula for the general case 
where the parties are persons, or plurels, or a mixture of both, is: 

p P p : q P q : (I) = the general bipartite matrix 

(Eq. 14b, Ch. VII) 

where p and q denote, as usual, the number and kind of parties 
in the row set and the column set respectively, and where the 
small letter descript denotes the actor, and the capital letter de- 
script denotes the actee, or the recipient. For illustrations of 
this bipartite matrix see S. 12, Ch. VII, where the social distance 
of one plurel of 110 Americans towards twelve other nationality 
plurels is presented; S. 13, Ch. VII, where characteristics are at- 
tributed to each of two students and to a plurel of 25 students by 
plurels of varying size of fellow students; S. 55, Ch. X, where the 
changing number of acquaintances of each of 16 persons is pre- 
sented; and S. 54, Ch. X, presenting increases in racial friend- 
liness of two American sex plurels towards other nationalities. 

The data for the bipartite matrix are more easily secured than 
for the complete interrelation matrix, but the latter is sociolog- 
ically far more significant just because it is complete and not a 
one-sided view of the facts of interrelationship. (Cf. S. 12, Ch. II 
and S. 1, Ch. VII.) 

Still further selections of cells which are of sociological signifi- 
cance can be made from the bipartite matrix. Thus, the forms 
of the human family can be conveniently set forth in a univalent 
bipartite matrix with men in the rows and women in the columns. 
By suitable arrangement of the commutative arrays, monogamy 
becomes represented by the main diagonal cells. As far as mar- 
riage relations are concerned, each monogamous pair is isolated 
from all others. Polyandry is represented by non-zero indices in 
more than one cell of a row; polygyny by non-zero indices in more 
than one cell of a column; and group marriage by a fuller bipartite 
matrix. For bivalent marriage relations, the two symmetrically 
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located bipartite matrices from the upper right and lower left 
quadrants are involved. The remaining two quadrants of the 
full interrelation matrix of both sexes would deal with the homo- 
sexual interrelations of men with men and of women with women. 

Similarly, bipartite matrices can facilitate more systematic 
treatment of such interrelations as those between employer and 
employee, buyer and seller, teacher and pupil, parent and child, 
specialist and client, official and citizen, doctor and patient, minis- 
ter and parishioner, leader and follower, and many others . 17 

2. Monoplanar Surfaces — Communities 

Thus far, the discussion of areas, or planes, of the interrelation 
surface has dealt with a biplanar type determined by the two areas 
on either side of the main diagonal. The surface of an interrela- 
tion matrix, however, may give a good fit to a single plane. 
Usually, the extra-relations will tend to fit a plane better alone, 
without the intra-relations, and the tendency will be greatest 
when the arrays are arranged in the order of the size of the total 
of the indices in each array. 

Such “monoplanar” surfaces, as they may be labeled, may be 
(a) level, (b) singly sloping, or (c) doubly sloping . 18 * 

A level, monoplanar surface, is one where the indices of inter- 
relation are all equal. The most common form of this is where 
the indices are one kind of attribute, and are, therefore, con- 
stants of unit value. Thus, where the parties are interrelated by 
virtue of common membership in some group, this membership 
characteristic is an attribute (unless membership exists in degrees 
such as “ applicant,” “associate member / 7 “active member,” 
“officer,” “life member,” etc., in which case the attribute be- 
comes an ordinal indicant) . 

The level surface means that every index tends to equal the 
mean index, i.e., that the standard deviation of the indices ap- 
proaches zero as the limit of perfect levelness. Such level sur- 
faces tend to occur in equalitarian fields, such as political rights 
in a genuine democracy, and many types of economic relations 
in a communistic community. In co mmuni ties stratified into 
castes, or into any form of privileged classes, the surface of rele- 
vant indices will be either sloping or “terraced.” Proportionately 

* For Eq. 15, Ch. VII, see notes at end of chap ter. 
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as the surface approaches levelness, there is a complete “ com- 
munity” of interrelations (with respect to the index of that 

matrix). 

For a singly sloping surface consider S. 12, Ch. II, the two-way 
social distances between religious sects, and S. 1, Ch. VII, the 
two-way distances between national plurels in Syria. The dis- 
persion of the row totals (in the last column headed “Friendli- 
ness”) shows that the rows are nearly level, i.e., that the out- 
going attitudes (“friendliness”) are nearly equal. The dispersion 
of the column totals (in the bottom row headed “Popularity”) 
shows that the columns form a slope, i.e., that the incoming 
attitudes (“popularity”) are highly unequal. This singly sloping 
surface indicates a uniform trend of the social distance margins to 
be all positive for some groups, all near zero for other groups, and 
all negative for still other groups. 19 * 

The slope of the plane is here measured by the dispersion of the 
column totals. Further study of these facts may reveal that, as 
the surface approximates a plane, the correlation coefficients be- 
tween rows, p#q I, approach unity (within sampling error limits). 
In this case, the matrix of interrelations may prove factorable, 
as the matrix of intercorrelations is factorable into a general inter- 
relational component and specific components for each party. 
The interpretation of such a condition, whenever its existence 
may be demonstrated, would be that a common interrelational 
set of attitudes is diffused through all the parties in the popula- 
tion studied. A common set of attitudes means a general attitude 
held by all parties towards each of the parties in turn, i.e., all 
parties here dislike Jews (Column 4, S. 12, Ch. II), all like Protes- 
tants (Column 5, S. 12, Ch. II), etc. 

The rich development of analysis into components, that is going 
on from intercorrelational matrices, as sketched in Chapter VI, 
may become duplicated for interrelational matrices. It is con- 
ceivable that interrelational epsilon elements, as described in the 
previous chapter, may become determinable. 

With the progress of research, such epsilon elements may prove 
to be as valuable units for Sociology, as the analysis of matter 
into atomic units has proved for Physics and Chemistry. At pres- 
ent this is an untried hypothesis, but it is an hypothesis which 

* For Eqs. 16, 17a-b, Ch. VII, see notes at end of the chapter. 
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can be definitely tested by first working out the theoretic statis- 
tical points involved, and then seeing the extent to which inter- 
relational matrices, composed of indices of attitudes, may fit that 
body of statistical theory. 

Monoplanar interrelation surfaces in general may be used to 
define a “community.” A level surface is a perfect community 
since all interrelations are in common and exist to the same degree 
for all. A singly sloping surface means a community of one-way 
relations with a dispersion of the reverse relations. The degree of 
community is defined as the percentage of interrelational value 
characteristics common to a group. Suppose a catalogue were 
made of all the kinds of interrelating indices in a group, and that 
these indices were weighted in proportion to their value to the 
group studied, i.e., in proportion to the average relative intensity 
of desire for each characteristic as represented by its index; sup- 
pose that the indices were 'determinable for every pair of mem- 
bers of the group and could be expressed as a percentage of their 
maxima, then a summarizing percent of the observed amount of 
interrelations to the maximum amount representing perfect 
community would be an index of the degree of community. “A 
co m mu ni ty” would thus be operationally defined in terms of: 

a. a specified list of interrelating characteristics and indices 
indicating them, 

b. a specified weighting for combining these indices; a weight- 
ing operationally determined by some technic of a vote, 
questionnaire, time budget, or other device for objectively 
observing people’s desires (evaluations), 

c. observed square matrices of such indices — a second-degree 
matrix for every index, a row and column in each matrix for 
every member of the group, 

• d. a specified maximum for each index, either a natural, or 
some conventional, limi t, 

e. a formula defining the calculation of a summarizing index 
of community from the data of a. to d. 

Consider a very much simplified illustration of this quantitative 
efimtion of a community, since data for a complete illustration 
have not yet been collected by sociologists. In S. 12, Ch. II, we 
ave a complete observed interrelational square matrix for the 
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characteristic social distance, in a population composed of six 
sectarian groups. Specifications a. and b. above are simp lifi ed to 
a list of only one index, so that no relative evaluations for weight- 
ing indices are needed. Specification c. is S. 12, Ch. II, as re- 
corded. Specification d. is included in the index of social distance, 
as the index is a percentage of the maximal distance. For speci- 
fication e., since the indices are percents of their maxima, a sim ple 
mean summarizes them. The mean social distance is 41%. 

Reversing the scale, the mean social "nearness,” or friendli- 
ness, is 59% of the maximum friendliness. This population then 
shows 59% of community of intersectarian attitudes as defined 
by this Beirut test. It may be spoken of as an intersectarian com- 
munity which, in this one respect as measured, is 59% of a perfect 
intersectarian community. ("Perfect” connotes no value judg- 
ment here but only 100% on the defined scale.) 

Although quantitative data are, as yet, inadequate for precise 
determination, this definition of a community may be conceptu- 
ally applied to the list of communities in Chapter III, and Chap- 
ter IV. 20 

3. POLYPLANAR SURFACES 

In addition to monoplanar interrelation surfaces useful in de- 
fining communities, and biplanar surfaces useful in defining isola- 
tion and contact, surfaces analyzable into more than two planes 
may be distinguishable as more interrelational matrices become 
reported in the sociological literature. Data which a priori seem 
likely to yield such surfaces, perhaps in the form of zones sug- 
gested by S. 10, Ch. VII, are such interrelations as: 

a. kinship groups — married couples, siblings, co usins , which 
may show decreasing indices of certain types (see S. 11, 
Ch. IX), 

b. primary vs. secondary groupings of one population, 

c. person-group matrices where “terraces” of significant in- 
creases in the indices may be expected in passing from the 
person-person arrays to the person-group arrays, and again 
in passing on to the group-group arrays, 

d. any inter-party relations where the parties are classified 
into plurels with differential barriers between plurels. Thus, 
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business firms in trade relations with other firms in their 
own country and in other countries with varying tariff walls, 
may be expected to show “terraced” interrelation surfaces 
where the height of the terraces varies with the height of 
the tariff wall. 

Finally it should be noted that a suitable form of a goodness- 
of-fit index can be derived to measure the degree to which (or the 
probability with which) an observed surface approaches any de- 
fined type of surface. The computation of such goodness-of-fit 
may be carried out in order to classify observed matrices into 
standard types; or in order to test an hypothesis that interrela- 
tions under certain specified conditions will be of a certain type 
of surface; or in order to modify the indices until they conform 
to some experimental desideratum, such as a situation of pure 
contact without interaction, or a level surface reflecting an equal- 
itarian group. 

IV. INTERRELATIONS CLASSIFIED BY THE FORM OF IN- 
TERNAL STRUCTURE— THE COMBINATIONS AND PER- 
MUTATIONS OF THE MEMBERS OF THE GROUP 

A promising method, little developed as yet, for systematically 
exploring the possible structures of human groups, is with the aid 
of the theorems of combinations and permutations. Two cases 
of this method will be sketched — a case of combinations from 
contacts and a case of combinations from interrelation. 

A. Groups Analyzed by Contact Combinations 

Karl Menger in an article entitled “An Exact Theory of Social 
Groups and Relations” (see S. 8, Ch. VII) analyzes two plurels, 
Pi and Pj (Gi and G 2 in his notation) each of which subdivides 
into subplurels according to their w illingn ess to associate with 
each other thus : 

Pi : 12 = a subplurel of Pi willing to associate with both Pi and P 2 
Pi : i = a subplurel of Pi willing to associate with Pi only (in-group 
association) 

Pi: 2 = a subplurel of Pi willing to associate with P 2 only (out- 
group association) 
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P 1;0 = a subplurel of Pi willing to associate with neither plurel 
(the dissociative case of hermits, not diagramed by Menger 
in S. 8, Ch. VII) 

Pj .12 = a subplurel of P 2 willing to associate with either Pi or P 2 

P 2:1 = a subplurel of P 2 willing to associate with P x only 

P S:2 = a subplurel of P 2 willing to associate with P 2 only 

P J:(I = a subplurel of P 2 willing to associate with neither plurel 

For practical predictive purposes examples may be studied of 
smokers and non-smokers in a train compartment, couple dancing 
with partners of opposite sexes only, and bilingual groups knowing 
or not knowing the other’s language. The scheme above illus- 
trates all the possible combinations when the number of plurels, 
| p , is 2, and when their interrelating attitudes are all-or-none ones, 
so that the number of positive degrees, ! |, of the interrelation is 1. 
The combinations are given by the binomial expansion (a + b) 2 . 

This case can be generalized to any number, p, of plurels and 
to any number, i, of either degrees, or types, of interrelation (i.e., 
i = ‘| or i| or |0 by means of the expansion of the binomial. The 
total number of combinations of one plurel with all the plurels in 
the situation is given by the sum of the coefficients of the expanded 
binomial. This sum is : 

2 P = total number of subplurels of one plurel, P p - : a, 

(Eq. 18a, Ch. VII) 

As each plurel in the situation subdivides into subplurels the 
total number of subplurels is multiplied by p. This number, 
p2 p , assumes that the number of positive interrelations is one 
(i = 1). But if i > 1 this multiplies the number of subplurels by i. 
Thus if people “will associate” or “will associate on condition 
that . . . ” or “-will not associate” the number of positive inter- 
relations is two (i = 2) . The formula then becomes 

pi2 p = qi = total number of subplurels of all plurels, P p; M 

for i positive contact relations 

(Eq. 18b, Ch. VII) 

For Menger’s case above, the binomial terms give p = 2 and 
i = 1 and qi = 8 as listed above. For a more complicated in- 
stance, consider a community -with four language-speaking plurels 
whose subplurels are determined by their ability to communicate 
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with each other. Let language ability be observed in three degrees 
(i = 2) — ignorance, reading knowledge, reading and speaking 
knowledge. Substituting p = 4 and i = 2 of this situation into 
Eq. 18b above gives 2 • 2 4 = 128 possible subplurels. Some other 
values of q are: 



j i — 1 

I 

I 

i = 4 

i = 5 

p = 1 

ISM 

qi = 4 

qi — 6 

qi = 8 

qi = 10 

p = 2 

= 8 

= 16 

= 24 

= 32 

= 40 

P = 3 

= 24 

= 48 

= 72 

- 96 

= 120 

p = 4 

= 64 

= 128 

= 192 

= 254 

= 320 


In case hermits are precluded in the situation as specified, then 1 
must be subtracted from Eq. 18a before multiplying it by pi to get 
Eq. 18b. Thus, omitting hermits, Monger's case is2-l(2 2 — 1) = 6. 

The first row for p = 1 expresses the self-attitudes, i.e., the 
number of subplurels of one plurel determined by in-group atti- 
tudes and the same i attitudes to hermits. 

As the number of subplurels grows larger, they may be sum- 
marized by coarser classifying, or by appropriate summarizing 
indices. Thus, the community above may have its structure of 
128 possible subplurels simplified by recording the four overlap- 
ping subplurels which understand each of the four languages. 

The detailed structure of these groups is expressible in an inter- 
relation matrix of order p X 2 P by the simple arrangement of 
using a row for every plurel and a column for every combination 
of plurels from 0, 1, 2, 3 — up to p plurels at a time. This means 
p rows and 2 P columns. The cells provide an entry for one type 
of interrelation between every person and every person and group 
of persons including in-relations. The matrix presentation has 
the advantage over Menger's diagram above in that it can por- 
tray without confusion: (a) every interrelation in quantitative 
degrees (not merely in all-or-none degrees as in his diagram) ; and 
(b) every interrelation of any number of plurels. 

B, Groups Analyzed by Interrelational Combinations 

The case just discussed dealt with plurels subdividing on the 
basis of contacts with other plurels. These were one-way rela- 
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tions of what the subdividing plurel wanted with no regard to 
any reciprocating attitudes of the other plurels. The case of two- 
way relations or interrelations may now be sketched. 

Suppose two persons express their attitudes each to the other 
in the three degrees of “I am attracted, indifferent, repelled.” 
Representing these degrees by +1, 0, and-1, respectively, the 
possible structure of interrelations in this pair is shown in the 
following scheme : 


T 

+ 

— 

0 

+ i - 

+ 

0 

— 

0 

where ++ means a 

"P 

+ 

— 

0 

— ; d" 

0 

+ 

0 

— 

pair showing mutual 


attraction, means 

mutual repulsion, etc. 


Here there are six types of structures or combinations of +, 0, 
and - and nine permutations, or arrangements of the persons. 
Let this be generalized to any number, p, of persons or plurels, 
and to interrelations in any number, i, either of degrees or of 
q ualit ative types. How many different group structures, i.e., 
how many combinations, are possible? The answer is readily 
found with the help of the standard theorems of combinations 
and permutations. 21 * 

Another question is as to the number of permutations of per- 
sons in these group structures, i.e., how many patterns are there 
like the nine possible pairs of +, 0, — , tabled above? This num- 
ber is given by the sum of the coefficients of the expanded multi- 
nomial of i terms when raised to the p 2 power. 22 f 

Note that these formulae state the total possible number of 
subplurels. Actually in any given situation there will be only 
one observed degree of interrelation in every pair of parties (a 
party = a person, or a plurel) so that the matrix (Eq. 21, Ch. VII) 
can record all actual interrelations very simply and completely 
with no confusion, no matter how large p and i may be. This 
matrix can be s umm arized in a single mean, or in some other de- 
sired index, either as a whole or subdivided into sections for some 
, special analyses. 

When the interrelations are cohesive ones such as inter-person 

* For Eq. 19, Ch. VII, see notes at end of chapter. 

t For Eqs. 20-21, Ch. VII, see notes at end of chapter. 
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attitudes of attraction-repulsion, a summarizing index such as 
a mean may measure the total cohesion of the group. Moreno’s 
study uses such indices. Such cohesion may be expected to corre- 
late with the social longevity of the group and to correlate nega- 
tively with turnover of membership. The higher the correlation 
the more exclusively are such attitudes the causes of group longev- 
ity or of minimal turnover. Here is an important sociological 
field of hypotheses awaiting exploration. 

These brief explorations suggest a rich field for further research 
in systematically mapping out the possible structures of groups 
under varying but specified conditions, and simplifying and sum- 
marizing these for sociological applications. These explorations 
also suggest the basic importance of the interrelation matrix 
and back of it the S-theory formula, in that it proves so flexibly 
able to subsume as special cases quantitatively developed for- 
mulae or theories in Sociology such as Menger’s theory, and then 

extend them with greater generality through the standardized 
symbols of S-theoiy. 


T'. S-S1TU ATIONS 

Although interrelations would seem to be the essence of the 
field of sociology yet explicitly quantified interrelational data are 
very scarce and patchy. Most data are mere diagrams or one-way 
social distance or other attitude tests in all-or-none or ordinal 
units. The samples of interrelational data appended here are a 
large proportion of all that our canvass of the sociological litera- 
ture revealed in contrast to the samples at the end of the other 
chapters which represent minute proportions of the published 
data. Only two tables were found presenting two-way interplurel 
relations in cardinal units w T ith ascertained reliability. Even these 
two S-situations from the Beirut test (S. 12, Ch. II and S. 1, Ch. 

VII) fall far short of the best experimental standards that are 
known to date. 

fourteen S-situations that follow' will, however, illustrate 
interrelational data, defined by the quantic P 2 , as reported in the 
current literature. As usual, for reading and interpreting the 
descriptive formula and its legend and the quantic number, the 

explanation preceding the S-situations at the end of Chapter II 
may be read again. 
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SOCIAL DISTANCES BETWEEN NATIONAL AND RACIAL GROUPS. 
STUDENTS OF THE AMERICAN UNIVERSITY OF BEIRUT, SYRIA 


Responders 






Respondees 









N* 

Armenian 

Egyptian 

Iraki 

Jew 

Palestinian 

Syrian 

American 

British 

Chinese 

§ 

** 

Greek 

Italian 

Kurd 

Negro 

Turk 

W eight ed A verage 
u Friendliness ” 


H 

(.31)t 

1.6 

1.8 

1.1 

1.4 

1.5 

.8 

1 

1.8 

1.6 

1.4 

1.4 


1.9 

3.3 

1.6 

Egyptian 

m 

.8 

(.3) 

2 

2.8 

1.4 

1.3 

1 

2.3 

1 

1.2 

2 

1.7 

2.8 

1.7 

1.5 

1.6 

Iraki 

43 

2.4 

1.3 

(.16) 

2.8 

1.6 

1.3 

.8 

.5 

2.1 

1.7 

1.5 

1.8 


1.3 

1 

1.6 

Jew 


1.7 

2 

2 

(.22) 

1 

2 

.78 

1.5 

2 

2.1 

2 


1.7 

1.5 

2 . 

1.6 

Palesti- 

nian 

53 

2.6 

1.2 

1.8 

3 

(.43) 

1.2 

.98 

1.8 

1.9 

2.1 

2 

1.2 

1.7 

1.5 

2 

1.7 

Syrian 

85 

2.5 

1.2 

1.7 

2.3 

1.1 

(.3) 

.88 

1.4 

2 

1.6 

1.5 

2.1 


2.1 

1.4 

1.7 

Weighted 

Average 

“Popula- 

rity" 

241 1 

2.2 

1.4 

1.8 

2.4 

1.3 

1.4 

.86 

1.5 

1.9 

1.6 

1.6 

1.7 

2.3 

1.7 

,1.6 

1.66 


* N is the number of responses. 

t Distances in parentheses are of in-groups. Their weighted average is .3. All groups of responders 
which were smaller than 10 were omitted in this table The scale runs from 0 to 4. 


Ref.: Dodd, Stuart Carter, “A Social Distance Test in the Near East,” Department of Sociology Year 
Book (Typescript), American Univ. of Beirut, Vol. VI, Table 3, 1933. Summarized in “A Social Dis- 
tance Test for the Near East,” American Journal Sociology , Vol. XLI, No. 2, Sept., 1935. 


Descriptive formula: Si = P p 

Legend: 

Si = The situation 
records 

P p = 6 National plurels 
:: = cross-classified 

with 


£ p+q ;m, I Quantic number = 0;1;0;2 

. Pp+q = themselves and 9 other 
plurels 

: = with their corresponding 
I = social distances 

m *| = and mean attitudes are also 
stated 


Comment: 

For the first 6 plurels, | p , the matrix is a full two-way one; but for the 9 other 
plurels, | Q} the matrix is a one-way or bipartite matrix. This is believed to be 
the first record in the sociological literature of two-way social distances between 
all of a set of plurels (6) measured by an attitude test in calibrated cardinal units. 

It is a singly sloping monoplanar surface, as evidenced by the constancy of 
the six averages in the last column (showing the rows to be of the same level) 
and the variability of the fifteen averages in the bottom row (showing the columns 
to vary in level). On rearranging the order of the columns (since these are com- 
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mutative), the trend for the cell entries to decrease from left to right in a plane 
sloping downwards to the right-hand end of the matrix would be more evident 
This singly sloping plane is the geometric portrayal of the striking sociological 
finding of constant friendliness (outgoing attitudes) among these plurels, in spite 
of highly variable popularity (incoming attitudes). The intensely disliked Jews 
did not reciprocate hatred on the average, any more than the more popular 
Palestinian Arabs did. (These findings were corroborated on two other samples 
of 200 upper classmen and 200 business people of Beirut. The tests were cali- 
brated by Thurstone’s technic to convert the usual ordinal units of social dis- 
tance tests into cardinal units. The repetition reliability after a months in- 
terval was r = .91. Cf. S. 12, Ch. II.) 


S. 2 


CLEAVAGES IN GROUPS 



Structure of Interrelations Between Two 

Raclvl Groups 
Criterion: Living in Proximity 
The chart indicates the interchanged attitudes in respect 

» th T m e the s ? me cotta ge of 23 colored girls 

"' h i lte S- ls - t . S,x white and six colored girls form 
" Pairs, wanting to be in the same cottage to- 
fourteen incompatible pairs are formed, one 
party wanting to live in the same house, the other not. 
yen co ored girls are attracted to white girls who do 

test reveal^ Th* po .P^ at i° n * n which the sociometric 
test revealed these interrelations to exist consisted of 

o77 wiute and 58 colored girls. 

Difie J A L *’ Wk ° ^ l l Sunive? Nervous and Mental 

isea^e Publishing Company, Washington, D. C., 1934, p. 214. 
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Descriptive formula: S 2 = p P : : q P : T 

Legend: 

S 2 = The situation 
records 

p P = 34 white girls 
:: = interrelated 

with 


Quantic number = 0;1;0;2 
q P = 23 colored girls 

by 

‘I = attitudes of f fraction 
3 degrees ^difference 

[ repulsion 


Comment: 


The original lines are in red and black and differentiate the attitudes better 
than their reproduction in black does here. 

S. 3 
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Descriptive formula: S 3 ~ ' ,p P :: P P : I,0 I 

Legend: 

S 3 = The situation 
records 

p P = 31 girls in Cottage VI 
'■| = and their housemother 
: : = interrelated with 


Quantic number = 0 ;1 $ $ 
p P = each other 

by 

1 -°I = attitudes of attraction or neu- 
trality 


Comment: 

Note the 11 ridges” of leadership. In the interrelation surface, out of 32 X 32 
as 1024 cells, only 64 show positive attitudes and the rest are empty (i.e., re- 
lations of indifference). This is an average of two cells per array, or two friends 
for each person. Yet the housemother has 12 friends “K” has 8 , “Ma” has 
7, and “Ak” has 6 . 


Comment on notation: 

As usual the descriptive formula may be written, if desired, -with numbers 
partially replacing letters, thus : 

S 3 = 31 P : : 31 P : 1 *°I 

The legend can then be simplified to : 

P = girls in Cottage VT 
I = attraction attitudes. 
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S. 4 


Organization of Social Atom I 



Cl 


A Powerful Individual, LP. LP of C4 is the center 
of attraction from four individuals: SV and ES 
both of C4, MM of C A, and KM of C5. She is the 
first choice of these individuals as is indicated by the 
numeral 1 on the side of the line extending from 
each of them to her. She makes use of four of her 
five choices and appears attracted in return to SV, 
MM, ES, and KM, with each of whom she forms a 
pair. Quantitatively she would be classified as an 
individual of average direct influence, but through 
SV, MM, KM, and ES she commands by indirection 
nearly one hundred individuals of whom fifty-nine 
are indicated in the chart. She has actually a power- 
ful position in the community. 


Ref.: Moreno, J. L., Who Shall Survive? Nervous and Mental Disease Publishing Company, Wash- 
ington, D. C., p. 90. 


Descriptive formula: S 4 = /,p P, p : : ^P : 1 *°I Quantic number = 0 ;1 ;0 ;2 

Legend: 

S 4 = The situation interrelated with 


records 
p P = 9 persons 
and 

'•I = a “leader” 
grouped into 
l.p = 8 cottages 


p | = each other 

q | = and 50 other persons 

in 

1 -°I = attitudes of attraction or neu- 
trality 
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Comment: 

This is the social atom of a person (“LP”) who is powerful through friendship 
with four leaders (H.M., K.M., S.V., and E.S.). In the interrelation surface the 
two arrays for i ‘ LP 7 show peaks where they cross the eight ridges of the four 

leaders. 


S. 5 



it 


Friendship” Constellation in a Village. Each person 
is represented by a circle. The letter and the first number 
in the circle is the code symbol of the person. The second 
number is that person’s score of socio-economic status on 
the Chapin scale. Each arrow represents a choice made or 
received according to the direction of the arrow. Mutual 
choices are represented by double-headed arrows. 


Ref.: Lundberg, George A., and Lawsing, Margaret, “Sociography of some Community Relations,” 
imerican Sociological Review, Vol. II, No. 3, June, 1937, p. 329. 
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Descriptive for mule . S 5 p P .. P 

Legend : 

S 5 = The situation 
records 

pp = for each of 30 persons 
= cross-classified 
with 


Quantic number = 0 ;1 ;0 ;2 
P P = each other 

I, = an indicator of choice (choos- 
ing or not-choosing, 1 | 0 I) 

and 

I,„ = a socio-economic status score 
is also stated. 
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Descriptive formula: S 6 = ( p P :: P P : J I) P 

Legend: 

S 6 = The situation 
presents 

pp = persons 

= interrelated with 
P P = each other 

by 


Quantic number = 0 ;1 ;0 ;2 

T = attitudes in 3 degrees 
attraction 
- indifference 
^ repulsion 

in 

| p = 22 groups or types of structure 


S. 7 



Invisible Government of 
the Underworld 


The interwoven fabric of local political institu- 
tions. Here the quasi-legal pattern of the political 
party at the lower left operates to elect candidates 
to political offices in the legalistic pattern of gov- 
ernment shown at the top. Finally, through 
patronage dispensed by party members in public 
office, the latent pattern of the invisible govern- 
ment of the underworld at the lower right receives 
its sustenance for the task of controlling the pri- 
mary and the election shown at the left. Thus a 
vicious circle is completed, with political power 
flowing clockwise in a closed system. 


Ref.:* Chapin, F. S., Contemporary American Institutions , Harper and Brothers, N. Y., 1935, p. 39. 
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Descriptive formula: S7 = r, Pp:q 

Legend: 

S 7 = The situation 
records 

'•P = the Mayor 

and 

[p = Government Council 
and 

| Q = 7 City Departments 
related to 

j r = the city committee 
and 


: ( r ’P)r : 8 : t : u 1 1 ? : j Quantic number = 0 ;0 ,0 ;2 

|. = the ward committee 

and 

| t = the precinct committee 

and 

| u = the voters 

each with 
'*| = their leader 

in relationships of 

Ii = election and patronage 
|j = of 7 subtypes 


Comment: 

The situation, as Chapin points out, is analyzed to show a complexity of in- 
terrelations where the analysis is not clear-cut and quantified. Hence, to sym- 
bolize it in an S-formula by the aid of matrix algebra is difficult. The formula 
involves more interpretation and chance for the subjective judgment of the 
analyst to result in disagreement than most situations. It is included as a border 
line case of a quantifiable recorded situation, which is the datum of S-theory. 


S. 8 



Ref.: M eager, Karl, “Our Exact Theory of Social Groups and Relations,” American Journal of Soci- 
ology, Vol. XLIII, No. 5, March, 1938, p. 793. 


Descriptive formula : Sg = Pp * * P Q * D 

Legend: 

Sg = The situation 
records 

P p = 3 plurels (GJ Gf Gf) 

: : = interrelated with 

Comment: 


Quantic number = 0 ;0 ;0 ;2 

P q = 3 other plurels (G! G \ 2 Gi) 

by 

1° = an unspecified relationship 
(symbolized by a connecting 
line) 


The unlabeled diagram represents the subdividing of each of two plurels 
(Gi and G?) according to their willingness to associate with their own plurel, 
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with the other plurel, or with both plurels. Thus, if Gi = men, and G 2 = wome 
and the relationship is couple dancing, most of the population would be fom 
in Gj and Go, since people prefer to dance with a partner of the opposite se 
(The equivalent S-notation is P, + P„, and P, ; „P„. ,.) This diagram explor 
the total possible combinations of associating between two plurels as a speci 
case of a more general mathematical theory of groups which is developed ; 
the end of Chapter VII. 


S. 9 



Idealogical Human Interhuman Relationships 

Components Beings * 

constituting the as “natural” Neuropsychic pat- Neuropsychic pat- 
plurality pat- entities, i.e., as tern internally tern externally 
tern an abstract mere biological viewed, i.e., the manifested, i.e., the 
collectivity. units devoid of subjective aspect objective aspect of 
interhuman re- of the plurality the plurality pat- 
lationships. pattern. tern. 

The Structure of Plurality Patterns 


Ref.: Wiese-Becker, Systematic Sociology, John Wiley <fc Sons, 1932, p. 146. 
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Descriptive formula: S 9 = p P, , : q : : ( P P : lv : B Quantic number = 0;0;0;2 


Legend: 

S 9 = The situation 

diagrams 

p P = 23 unidentified persons 

[who are stated to be in 

\j = one plurel (i.e., the “abstract 
collectivity,” marked 

subclassified into 

|q — 3 subplurels (“ — ”)] 


:: = interrelated with 
P P = the same persons 

(each having 

I? = “internal neuropsychic-pat- 
tems”) 

by means of 

15 = “external neuropsychic pat- 
terns 


Comment : 

Two of Von Wiese’s three categories of plurality patterns and their equivalents 
in S-theory are shown here. His “abstract collectivity” of human beings, 
Eubank’s “aggregation,” is a plurality of* persons with some characteristic in 
common. This is denoted by our class script, which is the plurel script on the 
population index, | P , q ,etc.. Von Wiese’s and Eubank’s and the author’s concept 
of “a group”, which is a plurel of interacting members, is represented in summaiy 
by the quantic of P 2 and in detail by the qualitative interrelations, 1°, j in num- 
ber, between the persons specifying the structure of the group. The attributes 
I? and 1° may be expected to be of low reliability as they are specified by verbal 
names (“neuropsychic patterns”) and not by operational definitions of any 
schedule card or scale. 
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TABULAR WORK SHEET NO. 8a. TABULAR 
TREATMENT OF FIRST BLOC SYSTEM 


TABULAR WORK SHEET NO. Sb. TABULAR 
TREATMENT OF SECOND BLOC SYSTEM 


Principal bloc 


Nucleus 


Inner fringe Outer Fringe 
of adherents, of adherents 



B 

rq 

* 

9 

2 

3 

4 

5 





B 

33.3 

33.3 

33.3 

16.6 

33.3 

16.6 

16.6 



l 


B 

33.3 

16.6 

16.6 

16.6 

H 

B 



9 

33.3 

33.3 

B 

16.6 

16.6 

H 

H 




2 

33.3 


16.6 

B 

33.3 

16.6 

33.3 

33.3 

33.3 


3 

16.6 

16.6 

16.6 

33.3 

B 

16.6 

16.6 

16.6 

16 6 




16.6 

— 

16.6 

16.6 

B 

16.6 

16.6 

16.6 



16.6 

B 

■ 



16.6 

B 

33.3 

16.6 


7 

16.6 

H 

B 

33.3 

16.6 

16.6 

33.3 

B 

16 6 


S 

B 


H 

33.3 

16.6 

16.6 

16.6 

16.6 

B 


Indications 
of existence 
of other 
bloc systems 


Items are indexes of significance of cohesion 
of pairs on high scores. 


Principal bloc 


Nucleus 



2 

5 

7 

3 

6 

4 

8 

1 

9 

2 

\ 

33.3 

33.3 

33.3 

33.3 

16.6 

33.3 

16.6 

16 6 

5 

33.3 

\ 

33.3 

16.6 

16.6 

16.6 

16.6 

— 

— 

7 

33.3 

33.3 

\ 

16.6 

16.6 

16.6 

16.6 

— 

— 

3 

33.3 

16.6 

16.6 

\ 

16.6 

16.6 

16 6 

16.6 

16.6 

6 

33.3 

16.6 

16.6 

16.6 

\ 

33.3 

— 

33.3 

33.3 

4 

16.6 

L-L 

16.6 

16.6 

16.6 

33 . S 

\ 

16.6 

16.6 

— 

8 

33.3 

16.6 

16.6 

16.6 

. 

16.6 

\ 

— 

— 

1 

16.6 

— 

— 

16.6 

33.3 

16.6 

— 

\ 

33.3 

9 

16.6 

— 

— 

16.6 

33.3 


— 

33.3 

\ 


Fringe of adherents 


Indication 
of first 
)bloc 
system 


N 

5 

7 

8 

5 

\ 

33.3 

16.6 

7 

33.3 

\ 

16.6 

8 

16.6 

16.6 

\ 


/On treatment of data from high 
^ end of range of scores, bloc 
appears as a lesser system. Same 
bloc appears as only important 
system when data from low end 
of range of scores are treated. 


Ref.: Beyle, Herman C , Identification and Analysis of Attribute-Cluster-Blocs , The University of 
Chicago Press, 1931, p. 59. 


Descriptive formula: Sio = ( p P, q :: P P : I) 

Legend: 

Sio = The situation 

records 

p P = 9 persons 

r nucleus 

|. q = grouped in I prin. bloc 
4 plurels ] inner fringe 

outer fringe 

:: = cross-classified with 


? Quantic number = 0 ; 1 ,0 ;2 

p P = the same 9 persons 

: = with a corresponding 

I = indicant of cohesion for each 
pair. 

| p = The same population is classi- 
fied into plurels in 2 ways or 
systems 


Comment: 

This matrix is a mutual and, therefore, a symmetric one. The cell entries are 
the number of similar votes on bills by members of a legislature. The study 
develops a technic of analyzing legislative blocs, one form of co-acting socio- 
logical groups. 

The situation is on the borderline of those defined in S-theory as “groups” 
-by the quantic of P 2 , since the legislators are not stimulating and responding to 
each other directly (as in interperson attitudes), but rather their common and 
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mutually reinforcing responses to a common stimulus situation are measured in 
the cell entries. Therefore, the term “co-acting” rather than “interacting” is 
used above to describe this behavior. (Compare Eubank, p. 306, “Co-action,” 
Ref. 25.) 

S. 11 


SIZE OF CITY 


Joi 


s% 

A>% 

JO% 

2S% 


Chart Shoeing How the Essential Technical Qualifi- 
cations for the Administrative Head of a Public Works 
Department Vary With the Size of the City. By per- 
mission, from C. E. Ridley, The Public Works Depart- 
ment in American Cities (Municipal Administration 
Service Pub. No. 13, New York, 1929), p. 48. 


Ref,; Pfiffner, John M., Public Administration, The Ronald Press Co., N. Y., 1935, p. 104. 



Descriptive formula : Sn = ~P :.‘pP :%h 

Legend: 

Su = The situation 

records 

"P = a Public Works Director 

of 

p[ = 4 classes of cities 

of 


Quantic number = 0 ;1 ;0 ;2 

P = specified sizes of population 
with corresponding 
%I = % of qualifications 

of each of 

| i = 5 kinds 


Comment on notation: 

This is an interrelation matrix of the person-plurel type. Its one array of one 
person classified against 4 city plurels is subdivided by 5 kinds of qualifications 
ma k i n g a third-degree matrix of order 1X4X5. This is symbolized by the 
three descripts, 'I x ,1 X li. 

Note that the ~P asserts a particular but unidentified person, i,e., a type* 
The officer, not the personal name of the officer, is recorded. 
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S. 12 



The measuring stick applied by Nordics: how 110 Americans would 
treat twelve kinds of aliens. The black bar indicates the social dis- 
tance before contact is willingly permitted the race in question. 
The white bar represents the range of social contacts permitted. 
The figures measure both, in terms of the units of relationship listed 
across the top of the chart. 


Ref.: Bogardus, E. S., “ Social Distance — A Measuring Stick,” Survey, Vol. LVI, No. 3, May 1, 1926, 
p. 170. 


Descriptive formula : S 12 = P, : P q : (I) i 
Legend : 

S 12 = The situation 

is a record of 

P, = a plurel of 110 Americans 

who have, towards each of 

P q = 12 alien plurels (of unstated 
size) 


Quantic number — 0 ;1 ;0 ;11 

(I) = an index of social distance 

of each of 

|i = 2 types 
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Comment on notation: 

This is a third-degree matrix of order 1 X 12 X 2, as denoted by the descripts 
|, X j q X |i. It is a bipartite matrix of a single array |„ i.e., a matrix of one- 
way interrelations of one plurel towards 12 other plurels. The black bars reflect 
a steeply sloping surface which with only one array becomes a line. The white 
bars show a surface which is nearer a level, or more of the equalitarian type. 

The situation has 15 dimensions as shown by the sum of the aggregative de- 
scripts, |, + |q + |i = 15. See n of Eq. 52, Ch. II. 

Note that the relation is one of contact not interrelation and is so symbolized 
by the single colon between the P’s (instead of the double colon) and by the 
quantic digits of 11 instead of 2. The one-way attitudes of the Americans towards 
aliens are recorded without the reverse attitudes of those aliens towards Ameri- 
cans. If the two-way relations had been recorded here, the interrelations would 
be fully developed and the two digit l’s of the populational sector would be added 
to write a 2 as the quantic digit as then the populational product P+ 1 X P 4 ' 1 
= P+ 2 would be fully developed. 


S. 13 


Characteristics 

Frequency with Which Characteristics 

Were Attributed to 

Student A by Student B by 25 Different 

28 Fellow- 20 Fellow- Students by 51 

Sympathetic 

Students 

15 

Students 

11 

Fellow-Students * 
44 

Dignified 

13 

6 

37 

Friendly 

12 

14 

46 

Fair 

10 

10 

36 

Initiative 

10 

6 

43 

Intelligent 

8 

5 

36 

Social minded 

8 

2 

22 

Self-confident 

8 

6 

39 

Sincere 

7 

7 

33 

Dependable 

6 

2 

22 

Witty 

6 

0 

18 

Good speaker 

5 

4 

12 

Tactful 

5 

2 

21 

Vital 

3 

4 

41 

Good sport 

3 

3 

15 

Courageous 

2 

0 

10 

Aggressive 

0 

2 

14 

Optimistic 

0 

5 

27 

Honest 

0 

0 

19 

Attractive appearance 

0 

0 

17 

Positive 

0 

1 

10 

Democratic 

1 

0 

9 


* Note: The figures in this column ■were obtained by summarizing the replies of fifty-two students. 
These replies were selected by a process of random sampling from about two hundred which were the 
most complete and the most intelligently given. Twenty-five different students were ranked either once 
or more t h a n , once by this group of fifty-two students, but no student was r ank ed more than three 
times. 


Ref.: Moore, L. H., “Leadership Traits of College Women/* Sociology and Social Research, Vol. XVII, 
No. 1, Sept., 1932, p. 46. 
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Descriptive formula : S13 I*p • ^ 

Legend: 

= The situation 

records 


p 

p 


3 student plurels 


r 28 
< 20 
51 


who express, each towards a 
corresponding 


Quantic number = 0 ;1 ;0 ;11 


P = population i 


-°I = 


f 1, “A” 

1, “B” 
and 25 re- 
[ spectively 

all-or-none attributes 
of 22 kinds 


Comment: 

In analyzing one-way interrelation matrices such as this, the active party is 
normally written first, as the subject, the passive or recipient party is written 
next, and the attitude or connecting relation follows as dependent on the previous 

descripts. 

Comment on notation: 

This matrix is a fragmentary one. It is a selection of the three main diagonal 
cells of a 3 X 3 bipartite matrix of person-plurel and plurel-plurel interrelations 
as follows : 



Student A, f P 

Student B , "P 

25 Students , P, v 

P, = 28 fellow-students 

15 



P„ = 20 fellow-students 


11 


P,„ = 51 fellow-students 



44 


= the particular characteristic labeled “ sympathetic ” 
(and repeated for 21 other characteristics) 
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Social Distances or an Adolescent Girl 
Arrows: length = number of contacts 

direction = towards greater or lesser social distance 
position: outer side — initiative outside 
inner side — initiative inside 

i.e., with the central figure 
± — emotion, liking and disliking 

Zones: I = Confidante; III = Familiar; V = Group 

II = Intimate; IV = Acquaintance; activity; 
VI = Group passivity; VII = Spectatorship 
Sectors: degrees of arc = relative importance 


Ref.: Runner, Jessie R., “Social Distance in Adolescent Relations,” American Journal of Sociology, 
Nov., 1937, Vol. XLIII, No. 3, p. 436. 
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Descriptive formula: S i4 = 'P :: p P. p : I, 
Legend : 

S M = The situation 

records 

'P = for a particular person 
:: = cross-classified 

with 

pp = 107 other persons 

| tP - in 6 plurels (characterized by- 
sex, adulthood, idealization, or 
unspecified grouping, and in- 
stitutional type) 


Quantic number = 0 ;1 ;0 ;2 


I 


indices of relationship 


of 5 kinds 


r number of 
contacts 
direction of 
contacts 
initiative 
location 
emotion 
k intimacy 


V. NOTES 


1. Further interrelations may be between groups, as in a social distance test 
(see S. 12, Ch. II and S. 1, Ch. VII) symbolized by: 


P p :: P P : (I) = formula for interrelations of groups (Eq. 2, Ch. VII) 


In this case the number of cells in the matrix is the product of the plurel scripts 
which is p 2 in the complete square matrix of interrelations between plurels. 

Again, a large field of interrelations is that of the relations, i in number, be- 
tween a person and a group (whether he be a member of that group or not) in: 

P P ::P P : (I)i = interrelation of parties (persons and plurels) interrelated by 

|i characteristics (Eq. 3, Ch. VII) 

Finally the whole matrix would combine all the interrelations of all persons 
and all groups in the specified population. 

p P p :: p Pp : (I) x = complete formula for interrelations (Eq. 4, Ch. VII) 


This becomes a formula for the organization of society when |i represents a 
complete catalogue of all kinds of relationships, and when the population scripts 
represent all possible pairs of persons, pairs of groups, and person-group pairs. 
The symbolizing of societal structure is simple; the difficult scientific task is 
(a) devising objective indices for a greater proportion of the myriad kinds of 
interrelations that enmesh us, than have yet been devised, and (b) applying 
them more completely towards the goal of all possible pairs of parties in the 
population studied. 


2. The interrelation of two persons is a product and classified in S-theory 
as a multiplication of P X P. The justification for this is more psychological 
than mathematical at present. Psychologically, it is axiomatic that an interre- 
lation depends on factors in both parties to the relation. Mr. X’s liking for 
Miss Y depends on factors in him and in her, the product of which is the interre- 
lation between them. The interrelation is observable in their behavior and may 
be recordable in the indices in their two cells of the matrix, but the factors in 
the two of them which created this product are often less easily observed and 
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have to be inferred. The matrix form may prove to facilitate accurate inferences 
as to such interpersonal factors, just as the matrix of inter correlations is facil- 
itating analyses into components. 

Mathematically the interrelations can be summarized in an index which is a 
variant of the coefficient of contingency involving squares, and hence a quantic 
of 2. But in the absence, as yet, of a rigorous mathematical justification, any 
cross-classification of indices in S-theory is defined as a logical product of such 
quantitative or qualitative indices. (A matrix cross-classifying two independent 
indices is to be distinguished from a matrix subclassifying one index by another.) 
When the analysis of a recorded situation then yields a descriptive formula of 
the type: 

|(I')i :: 1(10 i = formula for any cross-classification of indices (Eq. 5, Ch. VII) 
its quantic formula is : 

| fl = (D 2 

It should be noted that the ordinary arithmetic product 3 X 2 = 6 is a cross- 
classification of cardinal units when geometrically represented: 

1 

2 

12 3 

The three equal linear units of one factor are subdivided into, or cross- 
classified against,. the two equal linear units of the other factor with an area of 
six units as the product. Here the cross-classification is of cardinal units, but a 
cross-classification of ordinal units, or even of qualities (1°), can be considered 
as a more general type of product. 

Geometrically, a product implies an area. The correlation coefficient or scalar 
product was seen to imply the area of a parallelogram (see S. 13, Ch. VI.) A 
similar parallelogram can readily be constructed for the interrelations in a pop- 
ulation when some percentage type of index of the interrelations is graphed as a 
cosine of an angle, as in the example S. 12, Ch. H, where the angle is 40°. (See 
next note in this chapter.) 

3. This has been done, for example, in S. 12, Ch. II, where the social dis- 
tances between religious groups in Syria were expressed on a percentage scale, 
on which 0% is the friendliest possible attitude, i.e., no social distance, and 100% 
is the most hostile attitude possible, i.e., maximal distance. The average inter- 
religious distance was 41%. Of course, this can be arbitrarily diagramed for a 
geometric interpretation by taking the percent as a sin 2 and finding the corre- 
sponding angle. 

V5l = .64 = sin/? 6 = 40° 

As 41% is 41% of complete alienation, the coefficient of alienation, k, which is 
the sine of an angle, is taken. This is the complement of the correlation and 
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means that we have reversed the scale by saying that 41 % of enmity equals 
59 % of friendship on this scale. The term “social distance / 5 of course, logically 
varies oppositely with closeness of relation and hence requires such reversal of 
the scale. 

V.59 = .77 = cos 6 and 6 = 40° as before 

By this diagraming, a zero social distance, as between a happily married 
couple, would be represented by an angle of 0 ° and coincident vectors; while 
maximal social distance, as between enemies seeking to kill each other, would 
be represented by a 90° angle, i.e., perpendicular vectors. This is a graphing 
device, however, and not a mathematical proof of the equivalence of a cosine 
to this percentage summarizing the interrelations of a population, as the corre- 
lation coefficient is mathematically equivalent to a cosine. It may prove a sug- 
gestive lead for developing an index of interrelation which may prove as useful 
to sociologists as the coefficient of correlation has been. 

4 . When the data are in quantitative form, this testing of agreement on 
redetermination is usually by means of a reliability correlation coefficient in some 
form. 

5. Eubank’s discussion of societal relationships is orga niz ed under four 
headings of Contact, Isolation, Association, and Social Distance (p. 307). As 
the first two concern form more than content, we reserve dea lin g with them to 
the section below, classifying interrelation matrices according to their forms. 
Association seems to us an extension of social distance from persons to groups 
and is, therefore, discussed along with social distances of various kinds. 

6 . The formula for a social distance margin is: 

T : "P : I — "P : 'P : I (in full notation) = ' : : 'I (in brief notation) 

(Eq. 6, Ch. VII) 

7 . As previously noted, alternative sequences of the topics in the quantic 
solid are possible. Instead of taking up one sector at a time, some students may 
prefer to study all the interrelations together, i.e., to explore the whole P 2 stratum 
of the quantic solid, S. 33, Ch. II, consecutively. This can be done by selecting 
the sections dealing with quantics of P 2 from this chapter and from the succeeding 
chapters. 

8 . Since these phenomena occur mostly in the sociological literature in the 
dynamic form of studies of migration and mobility, further discussion is de- 
ferred to Chapter X. 

The descriptive formula is: 

Full formula, P p :: P P 1 Populational 

Brief formula (using cross scripts) = P p ;; P interrelations, 

Quantic formula (omitting descripts) = P 2 the static aspect 
Quantic number = 0;i;l;2 J of mobility 

(Eq. 7, Ch. VII) 
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As usual, the first P p denotes the row plurels, | p in number, each with a certain 
number of persons, P, where P is a variable having | p different values. The second 
Pp denotes that, corresponding to each row plurel, there are column plurels, jp 
in number, each with P persons in a cell where this second P is a variable taking 
j p x Ip (= p 2 ) values in all. The double colon shows the correspondence to be 
reversible in that it makes no difference whether each row is subdivided into 
columns, or each column into rows. 

9. Many other variants of leadership phenomena can be quantitatively de- 
termined from the matrix. Thus, any ridge can be defined by the two equations 
of a line in a three-dimensional space, whose co-ordinates are P, P', and (I). 
When the ridge is rectilinear this simplifies to : 

P = 'P (Eq. 9a, Ch. VII) 

(I) = aP+,(I) (Eq. 9b, Ch. VII) 

Eq. 9a defines a vertical plane in the array of the particular person, 'P. In 
this plane, Eq. 9b defines a straight line whose ordinate is (I), whose abscissa 
is P, -whose slope is a, and whose intercept on the (I) ordinate is '(I). Such a 
best fitting line can be used to describe a leader, or, for that matter, to describe 
any person in the interrelation matrix. Furthermore, by adopting some type 
line as an hypothesis, the goodness-of-fit of any person to that type can be 
measured by the appropriately calculated probability coefficient. This may prove 
a fruitful field for research. 

Of course, the above equations for a ridge apply, with suitable shift of nota- 
tion, to either a matrix of interrelated persons, or of interrelated plurels, i.e., 
to any group defined by some interrelation matrix. Note should be taken of the 
fact that, since the parties of the matrix are usually commutative, some definite 
sequence of rows and of columns must be fixed (either arbitrarily or by some 
criterion), or else the best fitting line will not be unique. 

10. See Chapter I of Ref. 77 for a simple exposition of matrix algebra for 
psychologists and social scientists. 

11. Similarly, when the row and column parties are plurels instead of persons, 
the diagonal matrix becomes: 

P p : Pp> : (I) = (I) p : p' = plurels in isolation (Eq. 10b, Ch. VII) 

The left-hand member of Eq. 10a is a matrix in rectangular notation; the 
right-hand member is a matrix in “ brief” S-notation. The left member of 
Eq. 10b is in “full” S-notation, while the right member again is in “brief” 
S-notation. “Brief” S-notation is fully explained in Chapter IX. It uses cross 
scripts, i.e., attaches the scripts of one sector (p here) to the base index of another 
sector (I here) for economy of symbolizing. The symbol p:P '(I) states that 
there is an index for each of p | persons towards himself. If the relation were an 
index for each of p | persons towards some other person among those p | persons, 
the symbol would be p:/ (I); while if it meant relations towards some person 
in a different population (such as employees each to his employer, or husbands 
each to his wife) the symbol would be p:Q '(I). 
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The brief formula for 


Eq. 1, Ch. VII, is p::p (I) 

Eq. 2, Ch. VII, is (I) p:;p 
Eq. 3, Ch. VII, is p=(I). p 
Eq. 4, Ch. VII, is p::p (Ii) p::p 

12. This formula, written in symbols, is: 

100 u ( p " (P_p ' , I)/ M ( p: P 'I) = (I)i = an isolation index (Eq. 11, Ch. VII) 

The formula as written assumes persons as the interrelated parties. Plurels, 
of course, may be the interrelated parties by shifting the person scripts to plurel 
scripts, as in Eq. 10a to Eq. 10b. 

13. Among the uses of matrix algebra may be noted such processes as, pre- 
multiplying and postmultiplying matrices from one population, but involving 
different indices, in order to analyze, or isolate uncorrelated interrelations as 
components; the determination of array vectors in the matrix, and their scalar 
products and spatial relations leading to further insights; the reduction of the 
rank of the matrix resulting in more parsimonious re-expressing of the inter- 
relations in terms of fewer and more elementary interrelations. 

The mathematical aspects of the interrelation matrices are given more space 
here than the sociological, because the mathematical aspects are less fa mili ar 
to the sociological reader to whom this book is addressed. It would be unneces- 
sary to elaborate for him the various types of societal isolation, but their manipu- 
lation in diagonal matrices needs fuller exposition. This point of view prevails 
throughout the present treatise on quantitative systematic Sociology. It is 
assumed that most sociologists know sociological theory better than statistical 

theory, and that in weaving them together, therefore, the latter needs the em- 
phasis. 

11 As before when the interrelations are between groups, the formula be- 
comes: 


(I)p : (P-P') 


(Eq. 12b, Ch. VII) 


The single colon, denoting one-way dependence, distinguishes contact from 
interrelation, denoted by the double colon of two-way dependence. The brief 
S-formulae on the right of Eq. 12 state that there is an index of relation between 
each of the p | persons (or the | p plurels) and each of the others, excepting him- 
self. (<«')[ or |cM 0 .) 

It should be noted that the contact matrix is non-commutative, i.e., the se- 
quence of the arrays is important. The isolation and the interaction matrices 
are commutative, that is, it makes no difference if the sequence of col umns is 
changed, or if the sequence of rows is changed. But for contact, the first party 
in the first row can make contacts with, i.e., influence, all the remaining p — 1 
parties, the second party listed in the second row can only make contacts with 
the remaining p - 2 parties, for if the second party contacts the first there will 
then be two-way contacts constituting interaction between them. Similarly, 
e third party in row 3 will contact the remaining -p — 3 parties only; and so 
on, until the last party contacts no one, but is contacted by all. In practice. 
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when studying contact phenomena, only certain cells or arrays are usually 
studied; but if completeness is desired, the sequence of listing the arrays be- 
comes important. Usually a rectangle of cells, selected from the triangular area 
which lies on one side of the main diagonal, defines p parties who contact q 
other parties. 

15 . All these numbers of cells in these triangles, main diagonals, total matrix, 
etc., are but special cases of the general formula for the number of combinations 
of p things taken two at a time, p!/2(p — 2) !, or the number of their permuta- 
tions, p!/(p — 2)!. The number of the permutations is twice the number of 
combinations, since the data are taken in pairs and each pair has two permuta- 
tions. 

16 . This index is: 


100 M ( p: CP ~ p,) I)/ M (p •' (P-roiy = an index of contact (Eq. 13, Ch. VH) 

It is possible to combine Eqs. 11 and 13 into one percentage which is zero in 
isolation, rises to 50 % in pure contact, and reaches 100% in symmetric inter- 
relation. But such an index requires two formulae — one for the 0%-49% 
range, and another for the 50%-100% range, because contact is not on the 
rectilinear continuum defined by the two extreme points of isolation and sym- 
metry. Contact is an asymmetric situation. It is entirely possible for isolation 
to shift to a high degree of symmetric interrelation without passing through 
the purely one-way set of relations which define contact. 

17 . The relation between interrelation matrices and a contingency table might 
be noted, as the two tend to be confused in the case of bipartite populational 
interrelation matrices. Here the analyst is sometimes puzzled whether to write 
the descriptive formula as: 


P p :: P q the bipartite populational interrelation matrix, 

I s = 0;0;0;2 (a) 

or I? :: I? : P the contingency table, | s = 0;0;0;1 (b) 

On writing explicitly the implicit indical-population products in (a) it becomes: 

I?P :: I°P | a = 0;0;0;2 (c) 

which is close to (b) in meaning, but with a different quantic. The quantic of 
(b) classifies the situation under plurels, P' M ; the quantic of (a) and (c) classi- 
fies the situation under groups, P+ 2 (interrelated persons). Which is the more 
correct description will not be decided by the formula but only by the judgment 
of the sociologist writing the formula. He must apply the de fini tions of a plurel 
as persons with a common characteristic, and of a group, as persons in psychic 
interrelation, i.e., in a stimulus-response relation to each other, conscious of each 
other, interacting, having a a we-feeling,” etc. Clearer criteria for borderline 
situations may be needed. 

To fix t h inkin g, consider a concrete example of the abstractions symbolized 
above. Let one student population be classified into plurels on the basis of each 
of three characteristics, namely: eye color (in 3 classes), political party (in 4 
classes), and fraternity membership (in one of 5 fraternities), If now eye color 
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is cross-classified with political party, and the number of students characterized 
by a particular eye color and a particular party is entered in each cell of the 
matrix, a contingency table is obviously being made to determine the relation- 
ship between two qualitative characteristics, rather than to determine the psychic 
interrelations of groups, (b) is the appropriate formula and the situation be- 
longs under plurels P +1 , in the quantic classification. Next, cross-classify the 
political parties with the fraternities. Either (b) or (c) describes this matrix, 
for obviously a contingency coefficient can be calculated, and yet it can be argued 
that the significance of this situation is not the degree of contingency between 
the two characteristics, “ party" and “fraternity,” but the psychic interaction, 
indicated by overlapping membership, between political groups and fraternity 
groups. Here the cross-classified plurels are composed of persons who are con- 
scious of each other and of their group-unity, who are interacting, who obviously 
satisfy the sociological criteria of a group and transcend a mere plurel. If the 
analyst judges that the psychic interrelations of whole persons and groups to 
each other is the point of the data as presented, he should describe it by formula 
(a); if he judges that correlation of the qualitative characteristics of plurels is 
the point, he should describe the situation by writing formula (b). 

Borderline, or ambiguous situations, may be expected, especially where the 
data are inadequately captioned, causing disagreement between analysts in 
classifying the situation. The function of the symbols of S-theory here is largely 
to force the issue into the open by requiring exact classification, and revealing 
any ambiguities as problems for further research in defining classes. 

Tor some examples of situations on the borderline of plurels, P +1 , and groups, 
P 4-2 , the student might note the following on which the first analyses by 
Mr. Lundberg, the author, and his graduate student assistant, disagreed, and 
which had to be discussed to reach a consensus as to its quantic classification 
(as presented here) : 

S. 2, Ch. X. Reorganizing army departments | s = 9;0;0;1 

Instead of a simple change in an aggregation of plurels, could the lines 
connecting the old to the new departments be interpreted as an all-or-none 
indicant of interrelation, such as “inclusion” and “non-inclusion,” so that 
the situation should be described by a bipartite interrelation matrix of every 
old Department, cross-classified with every new Department, and “included” 
or “not-included,” 1,0 I, be the cell entries? Parsimony favored the interpre- 
tation of changing plurels. 

Note that the ambiguity between plurels and groups occurs in these cases 
and in organization charts where the exact nature of the relations of the parts 

is not clearly expressed in the data (as presented in print for the analyst to 
classify). 

S. 8 , Ch. IV. Social security administrative departments | s = 0;0;0;1 

Instead of a sub classification of plurels, can this situation be interpreted 
as Government Departments interrelated with client plurels by some sort of 
responsibility” relation? Since, in the situation as recorded, the lines con- 
necting the Departments and clients do not even have the nature of the sug- 
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gested relation named, let alone measured, the simpler interpretation of sub- 
classified plurels was adopted on grounds of parsimony. The analyst should 
avoid reading into the situation more than is recorded in it as printed. 

S. 7, Ch. IV . An industrial organization chart | s = 0;0;0;1 

Instead of a population subclassified into a hierarchy of plurels, could this 
situation be interpreted as a cross-classification of every economic plurel with 
every other one? The indefiniteness of the attribute, or index of interrelation, 
to go in each cell of such an interrelation matrix led to the rejection of this 
interpretation in favor of the simpler one of subclassified plurels. 

18 . The general equation of such a plane is: 

A-pPsp + B 2 p Psp + C(I) + D = 0 the monoplanar interrelation surface 

(Eq. 15, Ch. VII) 

where 2p Psp (the number of actor persons and plurels), is the row co-ordinate; 
where 2 p Psp (the number of recipient persons and plurels), is the column co- 
ordinate; where (I) is the third altitude co-ordinate; where A, B, and C are co- 
efficients of slope, and where D is a constant determined by the intercepts on 
the co-ordinates. 

19 . A formula for the equalitarian matrix is: 

<r(p " P l p :;p) == 0 the equalitarian, or level, interrelation surface 

(Eq. 16, Ch. VII) 

Formulae indicating the singly sloping surface are: 

'( P 2I) = 0 (Eq. 17a, Ch. VII) 

<r ( P 2I) > 0 (Eq. 17b, Ch. VII) 

where p | as usual denotes the aggregation of row totals and p | the aggregation 
of column totals. For the doubly sloping surface, Eq. 17a would have the 
“greater than” sign (>) replacing the =. 

20. At this point, having proposed an operational definition of “community,” 
proposers of verbalistic definitions might be challenged to an experimental test. 
Suppose that under an impartial jury of sociologists, assisted by a grant-in-aid, 
and graduate students equally well trained in S-theory and in alternative theories 
defining a “community” (by the aid of fellowships for this purpose if necessary), 
a sample, say a 100, of descriptions of co mmuni ties and non-co mmuni ty plurels 
were made up, using criteria previously agreed upon by the authors of the rival 
theories. 

The trained graduate students would then classify these 100 descriptions as 
being co mmuni ties or not-communities, or into more refined classes of kind or 
degree of co mmuni ty. This classifying would be done independently by each 
student, once on the basis of the S-theory definition, and again on the basis of 
any specified alternative definition. Percentages of agreement between judges, 
or other indices of consistency of classification would then be computed and 
compared for the two definitions. Which type of definition, operational or 
“synonymistic,” would be experimentally demonstrated to be most reliable? 
This would test the reliability, but not the validity or apparent sociological 
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significance, of the two definitions. But what is the use of any sociological or 
any scientific concept, however significant it may seem to our current thought- 
ways, if it cannot be reliably determined, and no technics are in sight for im- 
proving such reliability? All technics, for increasing the reliability of the use 
of verbalistic subjective concepts, seem to the author to tend in the direction of 
objectivity and operational concepts. The very definition of reliability as agree- 
ment on repetition of the observations involves an operation! Unreliable con- 
cepts should be discarded and a science built on concepts that are .reliably 
determinable, i.e., on facts not on opinions , whatever their apparent lack of 
significance at present. 

21. If two parties (p = 2) have three possible interrelating attitudes (i = 3, 
namely: (a) “attraction,” (b) “indifference,” and (c) “repulsion”) the struc- 
tures of this population may be represented as follows: letting each small letter 
(a, b, c) denote an attitude and each capital letter denote one structure in a pair 

of persons: 


“Pair 
structures ” 

A 

B 

C 


Attitudes 
in a pair 

a a 
b b 
c c 


“Pair 
structures ” 

D 

E 

F 


Attitudes 
m a pair 

a b 
a c 
b c 


“Pair 
structures ” 

D' 

E' 

F' 


Attitudes 
in a pair 

b a 
c a 
c b 


Here in the first three “pair-structures,” A, B, and C, the attitudes are mutual 
between the two members of the pair. The remaining six “pair-structures” 
D-F' have three different combinations (D, E, and F) of attitudes but six 
permutations (D, E, F, D', E', F'). There are altogether nine permutations 
(A-F') of the three attitudes when these are taken two at a time, allowing 
repetitions, but excluding intra-relations. 

The number of possible combinations is determined by the number, r, of pos- 
sible pairs of parties and by the number, n, of “pair-structures” such as A — F 
above. Thus if there are three parties (p = 3), there are three possible pairs 
(r = 3); and if there are but two attitudes (a and b above) yielding three “pair- 
structures,” A, B, and D; then the following ten “group-structures” are possible: 


AAA 

A AB 

A B D 

B B B 

A AD 

ADD 

DDD 

ABB 

B B D 



B D D 


The generalized formula for the number of possible “group-structures” is the 
number Q 3 of combinations of n things taken r at a time, allowing repetitions : 


_ (r + n - 1) ! 
r!(n — 1)! 


(Eq. 19a, Ch. 7) 


To calculate this, r, the number of possible pairs of the p parties, is the number 
of combinations of p things taken two at a time: 


P 


mu nu 
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This is the n um ber of cells in one triangle above the main diagonal in the inter- 
relation matrix. It is also the number of different terms in the square of the 
multinomial of p terms. 

The number, n, of possible “pair-structures” is the number of combinations of 
i things taken two at a time when repetition is allowed : 

n == (Eq. 19c, Ch. 7 ) 


i 


Thus for the case above of three parties with two possible attitudes, p = 3, 
= 2, and r = 3, n = 3 and Q 3 is: 

(3 + 3 — 1)! _ 5! _ 5 • 4 • 3 • 2 - 1 _ 

3!(3-l)I "3! -2! 3*2*1 -2-1 iU 


which are the ten “group-structures” represented by AAA, • ■ * , BDD above. 
Some values of Eq. 19a, are: 

i 



The first row (of one plurel) expresses self -attitudes only and becomes meaning- 
ful when P represents plurels instead of persons and these first row entries would 
then be in-group attitudes. The first column has only one attitude (such as “will 
associate with”) without even its opposite, so that here there is no break-down 
whatever of the total population into subplurels). 

22 . The formula is: 

Qi = ip 2 = number of permutations of p parties having i possible in- 
terrelations (including intra-relations) (Eq. 20, Ch. VII) 

Some illustrative values are: 

i 



4 


1 


216 


316 


416 
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A simple derivation of this formula is from our fundamental interrelation 
matrix where the i in each cell represents either the i possible degrees, or i pos- 
sible kinds, of relation of the row party to the column party. 


i 

Pi 

P 2 

p 3 

— 

Pp- 

Pi 

(i) 

i 

* 

1 

• 

1 

m 

1 

p 2 

i 

(i) 

i 

m 

1 

i 

Pi 3 

i 

• 

1 

(i) 

1 

i 

l 

l 

i 

i 

i 

(i) 

i 

Pp- 

i 

i 

i 

i 

(i) 



P 

_p 


It 


(Eq. 21, Ch. VII) 


Since the i possible attitudes of party Pi to party P 2 can coexist with any of 
i reciprocating attitudes this yields i X i or i 2 possibilities. But each of these 
i 2 possibilities can coexist with any of the i attitudes of Pi to P 3 making i 3 possi- 
bilities; and all these can coexist with i possible attitudes of P 3 to Pi making i 4 
possibilities. Continuing thus, i is taken as a factor once for each of the cells, 
p 2 in number, which means that i is raised to the p squared power (Eq. 20). 

If intra-relations are excluded the p main diagonal cells are eliminated, making: 

Qo = ip<p _1 ) = number of permutations of p parties having i interrelations (when 
intra-relations are excluded) (Eq. 20a, Ch. VII) 
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THE SPACE SECTOR, \L\ 

studying situations defined by S = T°; P; L 1 * 0 ; P 




Chapter VIII 

DENSITIES, L 1 


/. PHYSICAL SPACE AS A SOCIOLOGICAL CATEGORY- 

INDICES OF LENGTH, L 

In the early stages of development of the S-theory, only the 
components T, I, and P were used, and physical length was clas- 
sified as one subtype of indicant, a spatial characteristic of the 
environment of people. As the analysis of maps and other re- 
corded situations involving areas proceeded, it became evident 
that to treat physical space as an indicant was unsatisfactory, 
and that it should be symbolized separately as a sector, i.e., a 
type of index, co-ordinate with time, population, and character- 
istics. For in the first place, space occurred as an index in societal 
situations with a far greater frequency than any one other indi- 
cator. In the second place, it usually occurred as an area denoted 
by an exponent of two, L 2 , whereas the other indicants of the 
same situation usually occurred with an exponent of one. This 
heterogeneity of powers of the indicatory indices in one situation 
proved confusing. 

In the third place, the scalar product had been adopted as the 
more general form of multiplicative compounding of societal in- 
dices, since the scalar product denotes correlation, and any socie- 
tal phenomenon is correlated, even if in zero amount, with any 
other societal phenomenon. But to multiply any two indicants 
of societal phenomena together into an ordinary arithmetic 
product usually produces a meaningless result. The scalar 
product, which is geometrically represented by the area of a paral- 
lelogram, has as its limiting case, when correlation is perfect 
(r = 1.00), the arithmetic product, which is geometrically repre- 
sented by the area of a rectangle. Societal indicants are almost 
never perfectly correlated with each other. Even the reobserva- 
tion of one indicant usually shows a reliability correlation of less 
than unity. But in physical area the two dimensions of length 
and breadth are conventionally taken as perpendicular to each 

449 



450 


IPt.IV 


THE SPACE SECTOR, }L} 

other, and hence are defined by two collinear vectors representing 
perfectly correlated variables. (Note that in a scalar product the 
parallelogram and rectangle are defined by one vector and the 
normal to the other vector. Study S. 13, Ch. VI for this bit of 
geometry.) Spatial dimensions in thus showing perfect correla- 
tion with each other were in marked contrast to all other indi- 
cants which showed all degrees of imperfect intercorrelations. 

For indicants other than length, a quantic of 2 denotes that 
the situation has been observed and analyzed beyond the purely 
qualitative stage, beyond the next quantitative stage into the 
third stage of correlations between the characteristics. The in- 
dicatory exponent thus states the degree of operational penetra- 
tion that has been achieved into the relationships and patterns 
of the data, whereas the exponent of 2 on a length component 
has a different meaning of “area,” or relations in a geometric 
plane. By assigning to length a separate symbol and sector of 
S-space, correlation, I 2 , and area, L 2 , were clearly distinguished. 

In addition to the above technical considerations, other broader 
considerations played a part in adopting space as a fourth sector 
in S-theory. The primacy of time and space as the milieu of hu- 
man life was considered. The importance of human geography 
and ecology in the sociological literature was considered. One of 
the chief subdivisions of Sociology is into Rural and Urban Sociol- 
ogy, and this is a classification essentially based on density of 
population, in which area is one of the two factors. Leplay’s 
formula analyzing societal phenomena into categories related to 
Place, Work, Folk (L, IT -1 , P in S-notation) is still a useful scheme 
(Ref. 66). The analysis by economists of production into the 
factors of Land, Labor, and Capital, operating in time (L 2 , P, 
I, and T in S-notation) is another example of well-tried analyses 
of some segment of societal phenomena which use physical space 
as a basic category. 

The adoption of space, L 1 , as a fourth sector, i.e., as a fourth 
basic category, seemed desirable in analyzing the graphs and 
tables in keeping with our definition of Sociology as the study 
of “the characteristics common to all classes of social phe- 
nomena.” As stated in Chapter II, the number of sectors chosen 
is a matter of utility; it can be more or fewer. Systems can be 
built up using T, I, and P alone, or T and I alone, or even I alone, 

j 
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with all the others as subsectors. A fifth sector for monetary indi- 
cants may be desired in Economics, or for value indicators in 
Ethics, and may at any time be so symbolized by substituting M 
for I„, an d V for I v . Experience in analyzing fifteen hundred 
quantitatively recorded situations sampled from all the social 
sciences has led to the belief that the four categories of time, space, 
people, and all the residual characteristics are the most suitable : 

a. for mar king off societal phenomena from the non-societal 
phenomena of the other sciences, 

b. for classifying the characteristics common to all classes of 
societal phenomena, and 

c. for using classes (i.e., categories, sectors, — T, I, L, and P) 
which are most objectively definable, that is, which are 
least likely to overlap in meaning or be confused with each 
other. 

This is an application of the three canons for any scientific 
classification, namely, a single basis, total inclusion of the field, 
and mutual exclusion of the classes. 

Although space was, therefore, accorded the status of a fourth 
sector, our analyses of S-situations showed it to be both a sector 
which occurred less frequently than time, indicators, and people, 
and one which had less sociological importance than the other 
three. 1 

II. THE NOTATION OF THE SPACE SECTOR— THE 

SCRIPTS ON L 

A. The Exponent , L l 

In situations where physical space is not involved, the L is 
nul (LJ). It has an exponent of zero and zero descripts, and hence 
is not written in the descriptive formula, but is written as 0 in 
the quantic number. (See any S-situation appended to Chap- 
ters III-VTI.) Points in space which are named but not located 
in any line, area, or volume are denoted by the point script and a 
zero exponent. 

Lines whether straight, curved, or broken, representing routes, 
boundaries, rivers, latitude and longitude, or other co-ordinates, 
altitude contours, radii of zones, or other geographic, or geometric, 
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linear magnitudes are symbolized by an exponent of 1 on L and 
appropriate deseripts. 

As usual the particular classifier script, j /, specifying the qual- 
ity, i.e., kind of line, is understood to be present if it is not written 
(in Eqs. 2b and 2c, as also in Eqs. 3c and 3d, and 4b and 4c 

below). 

Areas and regions of a surface, such as square feet of floor 
space, acres, zones, districts, countries, are denoted by an ex- 
ponent of +2. (The + is understood, if not written.) 

Volumes, or three-dimensional situations as in cubic units; 
latitude, longitude, and altitude; street, avenue, and floor of a 
building; are denoted by an exponent of 3. 

A negative exponent, as usual, denotes that the length com- 
ponent is a divisor, or is taken as the unit, as in cost per kilometer, 
IL -1 , people per square mile, PL -2 , or dollars per liter, IL -3 .* 2 

B. The Class Script, L t 

The “pure” index of length with zero descripts is of one kind 
only. Length is length no matter in what direction it is measured 
or what kind of thing is measured. It may be expressed in diverse 
units, but if the units are standardized, i.e., equal and inter- 
changeable, any unit of one kind has a constant ratio to any other 
kind of unit of length. 

Whenever the length (or area, or volume) is qualified, however, 
as being a length of some sort of thing, as in inches of stature, miles 
of railroad, arable acreage, cubic capacity of skulls, etc., we have 
an implicit product of length and the attribute, or qualitative 
characteristic, whose length is stated : 

I? L + J = L, +1 length of something, the product of an attribute 

and pure length (Eq. 5a, Ch. VIII) 

(Compare Eq. 9, Ch. Ill and Eq. 4, Ch. IV) 

This implicit product, of course, may be generalized to products 
of a hierarchy of attributes and spaces of any of the three dimen- 
sions: 

Ii:j:tLo = L! :m;n (Eq. 5b, Ch. VIII) 

quantic number = 0;0;1;0 (Eq. 5c, Ch. VIII) 


* For Eqs. la-4c, Ch. VIII, see notes at end of chapter. 
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In the great majority of societal data space occurs as such an 
implicit product, for the lines, areas, etc., are always named, or 
qualified by some adjective, by some position on a map, or by 
other qualitative differentia. As soon as the quality describing 
the space becomes observable in quantitative degrees so that the 
attribute becomes an indicant, that indicant must be written 
explicitly and never as an implicit product. 3 (See S. 17, 18, 19, 
20, 21, Ch. VIII.) 

The number of vectorial dimensions in the space sector is 
stated, as usual, by the class script. Strictly these are attribute 
dimensions, but in implicit products they may be conveniently 
treated as vectorial dimensions in the space sector, which would 
otherwise have but one vectorial dimension for any given ex- 
ponent dimension. The total number of dimensions in the space 
sector is the product of the exponent and the class script. 

|, x I 1 = number of spatial dimensions of both class and expon- 
ent types, i.e., vectors and their perpendiculars 

(Eq. 6, Ch. VIII) 

III. SOCIETAL DENSITIES, (/) Zr 1 
A. Classification of Densities 

In societal data space is important only in its relation to human 
life. This relation is usually expressed in the form of an explicit 
or an implied ratio. Thus the density of population of a country 
is expressed as the number of persons per square mile, PL -2 ; the 
crowding in tenements is expressed as square feet of floor space 
per person, L 2 P~ : , or as persons per room, PL -2 ; the cost of build- 
ing a highway is expressible as the dollars per 100 miles of road, 
Ilr 1 . All these ratios of some index and a spatial index may be 
termed “densities.” 4 

(I)L -1 = Dn = a density, any index per unit of space 

(Eq. 7a, Ch. VIII) 

These densities may be classified in three ways: (1) according 
to whether the spatial index is the numerator or denominator in 
the ratio; (2) according to the exponent, I 1 , of the length index; 
and (3) according to the sector of the second index, (I), in the 
density ratio. 
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The more frequent convention is to express the densities of 
some characteristic, or of a population, in spatial units, i.e., as 
x I-units or persons per square mile. When, however, the spatial 
index is in the numerator, as in cubic feet per person, acres per 
capita, miles per hour, the ratio may be called an inverted density. 

m-ir,i = T) n -i = an inverted density, space per unit of any index 
1 ' (Eq. 7b, Ch. VIII) 

The terms “obverse” and “inverse” densities are sometimes 
useful in specifying Eq. 7a or Eq. 7b respectively. For some pur- 
poses the inverse density is the more convenient, or socially sig- 
nificant measure, as in thinking in terms of acres per farm, annual 
gallons of drinking water per capita, kilometers per hour of 

traveling speed, etc. 

The density may be in terms of any of the three dimensions of 
space, as a linear density of points on a line, or the usual areal 
density of the man-land ratio, or a cubic density as of smoke 
particles per cubic centimeter of air. Obviously societal density 
is not limited to the meaning of density in Physics, where it. is 
the ratio of mass to volume. 

Societal densities may be classified further according to the 
nature of the second component, as: 

PL -1 = populational densities (Eq. 7c, Ch. VIII) 

IL -1 = indicatory densities (Eq. 7d, Ch. \ III) 

TL -1 = temporal densities (Eq. 7e, Ch. VIII) 

LLr 1 = lineate (and/or areal) densities (Eq. 7f, Ch. VIII) 

Each of these will be briefly considered in respect to their 
function of systematizing societal data. 

B. Populational Densities, PLr 1 

1. Rural and Urban Sociology 

The density of population in a region is an index of the type 
of culture of the population. In a hunting and collecting culture 
the population is necessarily scarce. It becomes denser as the 
population goes on to a pastoral, to an agricultural, to a com- 
mercial, and finally to an industrial culture. This series of pro- 
ductive-cultures can be considered an ordinal indicant of “degree 
of u tiliz ation of the environment,” T, ranging from least utiliza- 
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tion in pastoral nomadism up to most utilization in modern indus- 
trialism. The relation of this indicant of environmental utilization 
to population density can be expressed by fitting the curve : 

! Dn = 2.5(3‘) = relation of density and productive-culture 

(Eq. 8a, Ch. VIII) 

Here the i in the exponent is numerically identical to the case 
script, i, which expresses the rank of each productive-culture as 
in the col umn headed *[ of the tabulation below. This formula 
is seen to give a fair approximation to the densities of the cultures 
as specified by Miss Semple (Ref. 61.) 


l 1 

Productive- 

Culture 

Dn ( Persons per 

Sq. Mile) 

Dn 1 (. Hectares per 

Person) 

Rank 

(Case 

script) 

'I 

by Semple 

by Eq. 8a 

by Semple 

by Eq. 8b 

0 

Nomadism as 
in Arabia 

2.5 


104 

.5 (3 s ) = 121.5 

1 

Agricultural, 

primitive 

5-15 

2.5(3') = 7.5 

17-52 

.5(3 4 ) = 40.5 

i 

2 

Agricultural, 

colonial 

25 

2.5(3 2 ) = 22.5 

10.4 

,5(3 3 ) = 13.5 

3 

Agricultural, 

central 

European 

100 

2.5(3 3 ) = 67.5 

2.6 

1 

.5(3 2 ) = 4.5 

4 

Agricultural, 

southern 

European 

1 

200 

2.5(3 4 ) = 201.5 

1.3 

.5(3') = 1.5 

5 

(Agricultural 
and indus- 
trial) 

Industrial 

500-800 

2.5(3®) = 604.5 

.5 -.3 

.5(3°) = .5 


Since the area available for each person may be a more logical 
view of density than the number of persons per area, the inverse 
densities in units of the metric system stated as the number of 
hectares per person, 5 Dn -1 , are given by the parallel formula : 

’Dn -1 = ,5(3 5_i ) = relation of inverse density and productive- 

culture (Eq. 8b, Ch. VIII) 6 

Density may be related both as cause and as effect of cultural 
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factors for, on the one hand the density cannot exceed the food 
supply which that type of culture maintains, and on the other 
hand specialization and other cultural phenomena may depend 
in part upon the number of people amassed together. The corre- 
lation of density and cultural type is imperfect. Topography and 
climate, recency of the pioneering stage, and other factors up to, 
and including, human legislation keep the correlation from being 
perfect. Nevertheless, the density of a population tells much 
about their probable culture. This correlation is sufficiently im- 
portant to be depended upon as a major factor in societal control. 
States desiring a larger population for military or other reasons, 
with a given territory, know that increased density can be main- 
tained only as increased industrialization accompanies it. 

A second correlate of density w T hich is important in Sociology 
is the distinction between rural and urban culture with its corre- 
sponding division for study into Rural Sociology and Urban 
Sociology. Perhaps the most dependable and universal index dif- 
ferentiating rural and urban in all periods of history, or in all 
parts of the world, is a density, implied or explicit. Rural culture 
correlates with low density of population and urban culture with 
higher density. As density changes, the culture tends to change 
correspondingly. This correlation would seem to be so high that 
it is here proposed that the terms rural and urban be defined by 
densities below and above some conventionalized boundary point. 
Thus the point adopted by the United States Census is centers 
with fewer or more than 2500 inhabitants. The international 
standard boundary is at 2000 inhabitants. Owing to the tendency 
of people to nucleate, i.e., to reside collected in centers and not 
evenly scattered over an area, this boundary, stated in terms of a 
population in a center with the area it inhabits left indefinite, is 
more easily determined, though theoretically less elegant than a 
true density. 

Since populations tend to collect at centers or points on the 
map (called villages, towns, or cities), the area can be indefinite 
and the areal denominator of the density ratio can be treated 
roughly as a constant, enabling relative densities to be compared 
by comparing the numerators of the density ratios, i.e., by com- 
paring absolute populations in centers. 

This definition of the rural-urban boundary resulted in dividing 
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the population of the United States into 50% urban and 50% 
rural (Ref. 56) in 1910, and into 44% rural in 1930. 

The boundary point might with research become a matter of 
consensus of scientific opinion as some point most suitable for all 
countries. Thus from Miss Semple’s tabulation a reasonable 
boundary stated in the metric system might be one hectare per 
person; or it might be defined differentially as the density in a 
given country which divides a predominantly farming popula- 
tion from a predominantly non-farming one. This would make 
the derivation of the boundary depend on culture, but thereafter 
it would be more objectively and easily determined by measuring 
densities. Or the average density might be taken, and rural and 
urban become synonymous with subaverage density and super- 
average density; or again, more exactly, the phenomena may be 
classified as finely as desired by specified class-intervals of density. 
In comparing densities the areas should be comparable, for a 
small city in an agricultural country will show a density higher 
than that of the most industrialized nation for the whole national 
territory. 

Rural and urban plurels defined by their density might be 
termed plurels of density in distinction to the density of plurels 
which are defined by other characteristics. In the latter category 
belong such ecological studies as, determining juvenile delin- 
quency rates per area in various city zones,. or the densities in a 
region of races, income classes, or any other plurels. The differ- 
ence between plurels of density and the density of plurels is 
whether the density defines the plurel or the plurel defines its 
density. If in the operation of collecting and presenting the data 
the density is the independent variable and the plurel the de- 
pendent one, it is a plurel of density; while if the plurels are the 
independent variable for each of which its corresponding density 
is observed, it is a situation involving density of plurels. 7 * 

2. Crowds 

Another class of sociological phenomena in the definition of 
which space is an essential component is that of crowds. 
Von Wiese and Eubank (Refs. 25 and 78) in their systems of 
Sociology divide all plurels into three kinds: 

*For Eqs. 9a-d, Ch. VIII, see notes at end of chapter. 
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a. the human category (class)— defined by a common charac- 
teristic = P, (or I°P 0 ) (Eq. 10a, Ch. VIII) 

b. the human aggregation, crowds, mobs, audiences— defined 

by spatial proximity = L 3 : P (Eq. 10b, Ch. VIII) 

c. the human interactivity or group— defined by psychic inter- 
action = P P :: P P : (I) (Eq. 10c, Ch. VIII) 

The first is the “plurel” discussed in Chapter IV for qualitative 
characteristics, and in Chapter V for quantitative characteristics. 
The third is the “ group ” discussed in Chapter VII for its static 
aspects. (For the dynamic aspect of all of these see Chapters X 
and XI.) The second is a “crowd,” discussed below. Although 
the three kinds of plurels are discussed in separate chapters, it 
should be realized that they form a contiguous region of the 
quantic solid, S. 33, Ch. II. Plurels constitute the middle stratum 
of that solid, groups constitute the top stratum, and crowds are 
in the arrays where these strata intersect with the L 2 and L 3 
planes (not diagramed in S. 33, Ch. II). 

A crowd may be defined as any plurel in a space small enough 
for the persons to see and hear each other. (Radio amplifiers 
and television may, of course, extend the boundaries of a crowd 
at least in the one-way direction of contact, if not in the two- 
way direction of interaction.) Crowds may be classified on the 
basis of various indicators of emotion, or indicators of causes 
bringing people together, or indicators of the collective action 
resulting. Among other classifications the following one, based 
on space, belongs in this chapter. 

Crowds may be classified according to the spatial location of 
the stimulus to which the persons are responding at the moment. 
From this point of view crowds are, (a) scattered, (b) nucleated, 
or (c) unified. When every person is going his own way, “ attend- 
ing to his own business,” as in an ordinary throng of people on 
the street, they (the people) are a “scattered” crowd. Their 
foci of attention are scattered, their eyes are on all sorts of things, 
they are attending to each other or items in the environment in 
as many points of space as there are persons in the crowd. The 
next class is when they form “knots,” or minor gatherings, here 
and there, in each of which several persons are attending to the 
same stimulus whether a shop window, a tram doorway, a soap- 
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box speaker, or a circle of friends in conversation. Here the crowd 
is nucleated, or collected together into as many nuclei as there 
are points of stimulation to w r hich people are attending. The 
third class is when all the persons within eyesight or hearing are 
attending to one stimulus at one point in space. A crowd is 
“ unifi ed” when every one is listening to one speaker, watching 
one movie screen, fleeing from one mad dog, marching past a 
reviewing stand, etc. This classification can be made by the aid 
of a movie film of a crowd showing what each person is looking at, 
since, in general, our gaze indicates the spatially located stimulus 
in the immediate environ to which we are at least partially re- 
sponding. This behavioristic index of the degree of unity in a 
crowd is useful for prediction of their behavior. Proportionately 
as a crowd becomes unified, as defined above, the persons in it 
are likely to behave alike and simultaneously, “all in one piece,” 
as a collective unit. 8 * 

For an example of such a unified crowd and an example of 
photographic methodology in classifying crowds, study S. 25, 
Ch. VIII. A street crowd during a revolution is being dispersed 
by a machine gun on the roof of a building at the corner of inter- 
secting streets. As the crowd becomes aware of the location of 
the gun and that it is mowing people down, they are shown in the 
process of becoming unified in the common reaction of flight from 
the single death-dealing stimulus on that roof. 

3. A Classification of Regional Plurels by Size 

In addition to crowds, another classification of plurels involving 
space, which have been called human aggregations in Eq. 10b, 
Ch. 8, is that of regional plurels. As these regional plurels, (which 
are usually also regional communities, as defined in chapter 7) 
illustrate a use of. S-notation in reducing an ordinal series to a 
neat formula, it will be sketched here. 

Regional plurels may be classified by the size of population — 
which is correlated with the size of area. Thus the classes of 
village, town, city, nation are common terms but are of variable 
meaning as to the size of population involved. The chief standard- 
ized boundary is in the census distinction of “rural” and “urban,” 


*For Eqs. lla-c, Ch. VIII, see notes at end of chapter. 
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which is at 2000 persons living in one regional center for most of 
the world (it is, however, 2500 in the United States). 

As an hypothesis for trial, the following definitions for standard- 
ized purposes is proposed : 


Rank 

P 1 

i 

Regional 

plurel 

Representative 

population = 10 p 

j 

Limits of each plurel 

( 0 ) 

{Hermit) 

1 U0°) 

U) 

Lower limit = 

Upper limit = 


or millidem 


1 

.2 X 10” 

2 X 10” - 1 


Rural 





1 

Household 

10 1 

10 

2 

19 


or centidem 



- 


2 

Hamlet 

10 2 

100 

20 

199 


or decidem 


1 



3 

Village 

10 3 

1000 

200 

1999 


or dem 






Urban 





4 

Town 

10 4 

10,000 

2000 

19,999 


or dekadem 




5 

City 

10 5 

100,000 

20,000 

199,999 


or hectodem 



t 

6 

Metropolis 

10 6 

1,000,000 

200,000 

1,999,999 


or kilodem 





National 





7 

Small nation 

10 7 

10,000,000 

2,000,000 

19,999,999 

ff 

8 

or myriadem 
Large nation 

10 8 

100,000,000 

20,000,000 

199,999,999 


or macrodem 



9 

! Continental 






bloc 

or megadem 

10 s 

1 

1,000,000,000 

200,000,000 

1,999,999,999 

10 

World 

(10 10 ) 


2,000,000,000 

(Estimated about 


| 




2.2 billion) 


The hermit is the limiting case of this series and is outside the 
definition of a plurel. The “representative population” of each 
regional plurel is a central tendency in round numbers which 
need not connote any particular type of mean, or median of its 
class-interval. It is five times the lower limit of each class and 
one half the upper limit. The formula for this classification of 
regional plurels on the basis of multiples of ten (i.e. equal logarith- 
mic increments in size) is : 

(10 1 P) p : ; L 2 , regional plurels, decimally classified by size 

(Eq. lid, Ch. 8) 

This formula specifies a series of class-intervals ( p [) of popular 
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lion fixed by a variable exponent on the base of ten persons, and 
cross-classified with indefinite areas. Each interval of plurel size 
determines what plurels fall into that plurel-class-interval but 
also each geographically bounded area determines the population 
to be counted, so that the dependence between the population size 
and its single corresponding area is a mutual one as indicated by 
the double colon. 

In discussing this classification of regional plurels, it should be 
noted that current names and legal definitions of “towns,” “city,” 
etc. lack standardization and hence will often overlap into the 
classes above or below its class in the tabulation above. Also 
there will be extreme deviations, such as metropolitan New York 
whose population exceeds two million, which overlap into the 
distribution of regional plurels which constitutes an adjacent class 
interval. But with all its exceptions at present, it is submitted 
that such a classification can standardize terms for regional plurels 
so that other social scientists can know what order of magnitude is 
meant when the term “town,” “urban plurel,” “small nation,” 
etc. is used. As with the metric system, the advantages of adopt- 
ing a decimal hierarchy of units with precise boundaries may 
gradually come to outweigh the haphazard historically determined 
meanings of the terms now used to denote regional plurels of in- 
creasing sizes. The formula, Eq. lid, Ch. 8, discovers no new 
principle in nature; it imposes an artificial principle upon nature 
in order to reduce nature to orderly arrangement. It is not an in- 
duction towards stating a scientific law; it is rather a proposal to 
agree upon an operational definition of a set of concepts which 
provide man with a regular and orderly way of responding to 
phenomena of this kind (i.e. to names of regional plurels). This 
is a case of Lundberg’s postulate, repeatedly emphasized in his 
companion volume Foundations of Sociology, that in science uni- 
formities (i.e., laws) are fixed not so much by the intrinsic be- 
havior of phenomena as by man’s choice of that way of respond- 
ing to phenomena (such as by an algebraic formula) which is most 
objective, exact, parsimonious, and fruitful for prediction and 
control. The essence of this classificatory proposal, Eq. lid, is 
the ordinal ranks (de finin g the population by exponents on the 
base 10) and not the current terms “hamlet,” “village,” “town,” 
etc. which are merely used as approximate labels to connect the 
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new algebraic definition with familiar connotations to the social 
scientist. If these labels yield confusion between new exact mean- 
mgs and current inexact meanings any coined term can be substi- 
tuted such as “demo,” defined as one thousand persons living in a 
contiguous area, with the usual metric prefixes attached. Thus, 
mill idem ( = a hermit) = 10°% centidem (= a household) = 10 1 *, 
decidem ( = a hamlet) = 10 2 ~, dem ( = a village) = 10 3 % dekadem 
( = a town) = 10 4 % hectodem (= a city) = 10 5± , kilodem (= a 
metropolis) = 10 6 *, myriadem ( = a small nation) = 10'% macro- 
dem (= a large nation) = 10 s —, megadem (= a continental 
bloc) = 10 9:± . Thus a demic characteristic would mean a charac- 
teristic pertaining to a regional plurel of between 200 and 2,000 
persons, i.e. a term for “village” which has precise limits; a kilo- 
demic characteristic pertains to a metropolitan or other regional 
plurel of between 200,000 and 2,000,000 persons. In S-notation a 
birth rate expressed as fifteen per thousand persons would be dP 
using the capital letter D as a class-interval script to state the 
unit, one dem. Similarly a diphtheria death rate of P persons 
per hundred thousand in some region would be irz>P, in hectodem 
units. Whether this proposal to apply the metric system to human 
populations meets a real need for terms that are more convenient 
and precise than our present ones is unknown until social scientists 
have had opportunity to react by using or neglecting these terms. 

C. Indicatory Densities , IL~~\ Culture Areas 

An indicatory density is the ratio of any characteristic, qualita- 
tive or quantitative, to a space (line, area, or volume) . The con- 
cepts of culture center, culture gradient, culture area, culture 
margin, regions, or districts, frontiers and pioneer belts, zones of 
degeneration, regional communities of any kind, all denote data 
which would be classified by S-formula under indicatory densities, 
the Ilr 1 array of the quantic solid. 

For example, for the density of the qualitative characteristics 
of culture areas, see S. 1, Ch. VIII; of languages of commerce, 
see S. 2, Ch. VIII; of city zones in Jerusalem, see S. 6, Ch. VIII. 9 * 
For an example of a density of an all-or-none indicant of free 
speech, see S. 17, Ch. VIII; for indicants of soot per block, see 
S. 18, Ch. VIII; for autos per State, see S* 19, Ch, VIII; for cap- 

* Tor Eqs. 12a-b, see notes at end of eliapter. 
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ital invested by continents, see S. 20, Ch. VIII. For correlated 
indicatory densities of civilization and latitude, see S. 21, 
Ch. VIII; and of national independence with language, religion, 
race, rainfall, health, and illiteracy, see S. 22, Ch VIII (Cf' 
S. 6, Ch. VI.) 

D. Temporal and Lineate Densities, TL~ l , LLr 1 

To complete the survey of societal densities the less frequent 
densities of time and linear space indices may be noted. Tem- 
poral densities occur chiefly; (a) as the frequency within a period 
of some event or action reduced to spatial units, as in the number 
of accidents per mile of railroad ( 2t T°L _1 ), or (b) as a duration 
per unit of space, as in the inverted density of skull capacity per 
age of child, L 3 T“ 1 (S. 12, Ch. IX), or the hours per journey 
from Pittsburgh to Philadelphia, TL -1 (S. 84, Ch. X) . 

Lineate densities are the number of units of length per unit 
of space. An example is the kilometrage of railways per square 
kilometer of territory in the various nations, S. 23, Ch. VIII. 10 * 

Another example is a “topographical index,” which might be 
constructed in order to correlate the ruggedness or mountain- 
ousness of a region with some other characteristic such as “love 
of freedom measured by the percentage of years of independence 
in that country’s history. For the topographical index a grid of 
rectangular co-ordinates at standardized intervals could be super- 
posed on a topographical map of specified scale. The number of 
intersections, made by the grid co-ordinates and the altitude con- 
tour lines of the map, per unit of map area would be the topo- 
graphic index. This index is zero for a level plain and rises as the 
land surfaces become steeper in hillsides approaching cliffs as 
the upper limi t. Such a topographical index could measure 
gradients ’ of any societal isopleths and might prove useful in 
many ecological studies’. 


IV. S-SITUATIONS 


The notation of S-theory and the specific formulae in this chap- 
ter, as in the other chapters, are largely methodological hypothe- 
ses. They claim that sociological data can be handled with in- 


creased precision, brevity, objectivity, and flexibility by mea ns 

* For Eqs. 13a-e, Ch. VIII, see notes at end of chapter. 
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of these S-symbols. To test hypotheses evidence is required. A 
small sample of evidence follows in the twenty-five S-situations 
which represent the way these S-formulae fit diverse sets of data 
and reduce them all to orderly classification. 


S. 1 



Culture Areas among the American Indians 


Ref, : Cooley, Angell, and Carr, Introductory Sociology, Scribners, 1933, 
p. 84. From Alfred Louis Kroeber’s Anthropology, Harcourt, Brace and 
Company. 


Descriptive formula: Si = L? Quantic number = 0 ;0 ;2 ;0 

Legend: 

Si = The situation L? = 15 zones of Amerind culture, 

records 

Comment: 

A culture area is an area defined by one plurel with a system of characteristics. 
It combines one physical area and many intercorrelated indicators of culture 
traits. These fifteen systems* of culture traits are represented by the attributes Ii, 
in the implicit product above, IJL§ = L? (see Eq. 5, Ch. VIII). 




Distribution of the Leading Languages of Commerce. 


Ref.: Huntington and Carlson, Geographic Basis of Society, Prentice-Hall, p. 39. 

Descriptive formula: S 2 = Lfi. Quantic number = 0;0;2;0 

Legend: 

S 2 = The situation Li = 8 language zones of the world, 

records 

S. 3 



Ref.: Regie des Travaux du Cadastre et d’ Amelioration Foucier, Notice sur le Regime Foucier et le Ca- 
dastre des Etats de Syrie et du Liban, Beyreuth, Syrie. 









j" 1 Village or city center. 

Trade at two or more centers. 

[ 2 Trade at one center. 

1 Trade outside the county. 

Trade Communities 

Twelve villages and small 
cities situated in the county 
serve as trade centres for the 
farm homes precisely as for the 
village and city homes, and all 
the homes trading at the same 
centre form a trade community. 
Township lines six miles apart 
indicate the distance. 


^ 1 Village or city center. 

Take local papers printed at two or more 
centers. 

Jake local papers printed at one center. 

I Take local papers printed outside the 
county. 

Local-Paper Communities 

The homes taking the same 
local paper form a paper com- 
munity. Such communities are 
pretty well defined and conform 
closely to the trade and banking 
communities. 


Rtf.: Cooley, Ange’.i, and Carr, Introductory Sociology , Scribners, 1933, p. 255. 

Descriptive formula : S 4 = L? ; m Quantic number = 0 ;0 ;2 ;0 

Legend: 

S t = The situation |, = 0 f 2 kinds j J™* ““L 

, 11 local paper 

records 

L 2 = mapped areas W1 ^ 


trade and 
^ local paper 

with 


= 4 subdivisions 
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Human skull in a Cartesian Co-ordinates of the chim panzee’s 
framework skull as a projection of the above 



Skull of chimpanzee (left) and baboon (.right) 


Ref.: Hogben, Lancelot, Mathematics for the Millions, W. W. Norton, p. 450. 


Descriptive formula: S5 = : Li 

Legend: 

S 5 = The situation 
records 

L 2 = the projected area 


Quantic number — 0 ;0 ;21 ;0 

1 = of 4 kinds of anthropoid skulls 
: = and their corresponding 
Li = pattern of co-ordinate lines 


Comment on notation : 

In analyzing a situation such as this some subjective interpretation seems 
unavoidable. Should the single indefinite person be written explicitly as -P, or 
would L 2 specified as “area of anthropoid skulls” cover it? The rule is, that if 
parties are attached to spatial areas that are merely named, their identifying 
characteristic (the name) is included in the class script on the L. (See Rule #44.) 
Should the four skulls be symbolized as four kinds of areas, Lf, or as a series 
at 4 dates in time, t T“ 1 : L 2 ? The evolutional implication is strong, but the 
graph as presented merely states 4 types and the analyst must avoid reading 
into a graph more than is explicitly presented. The resulting quantic classifies 
the situation as a lineate areal density, a pattern of lines in areas. The density, 
which strictly is a ratio, is undeveloped, the ingredients for it only being stated. 
This is reflected in the descriptive formula by positive exponents on both the 
areal and the linear components, and by a colon, denoting aggregation instead 
of the juxtaposition denoting multiplication between them. 
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S. 6 



Ref.: Social Relationships in the A ear East, American Press, Beirut, Syria, p. 229. 
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Descriptive formula : S6 — Lf • m * Li : m 
Legend : 

Se = The situation 

is a record of 

p — the area of Jerusalem town- 
ship 

subdivided into 
|j = 10 zones 

with 


Quantic number = 0 ;0 ;21 ;0 

| m = subsections of each 

and corresponding 

Lt 1 = 4 classes of lines (streets, 
boundaries, etc.) 

with 

| m = a number of examples of each 


S. 7 



Ref.: Gillin, Dittner, and Colbert, Social Problems , The Century Co., 1928, p. 35. 


Descriptive formula: S 7 = P, :Li,m 

Legend: 

S 7 = The situation 
records for 
£ = Madison, Wis. 


Quantic number = 0 ;0 ;2 ;1 

Lf = 4 concentric zones of commu- 
nication, 

and 

|,m = the 48 State areas are also 
mapped 
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Body sensitivity 
r-*-. Mqtor a, r ea. 


Association cen 


Visual 

area. 



-^Association 
f\ center 


Association center 


Auditory area 



What the brain is, and is not: The drawing at top shows the localization of 
the functions of the human brain as revealed by modern scientific study. The 
other is the head as “seen” by the phrenologists, who at one time had man y 
thousands of followers. 


Ref. Buch, Floyd L., Psychology and Life , Scott, Foresman and Co., N. Y., 1937, p. 5. 
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Descriptive formula: S 8 = -P : Lf . m , D 

Legend: 

Ss = The situation 

records for 

IP = one unspecified person (he., a 
type) 

L 2 = an area of brain surface 
subdivided into 


Quantic number = 0 ;0 ;2 ;1 

[1 = subareas 

and 

|m = subcenters 
| , = compared with 
| n = phrenological areas 


S. 9 



Descriptive formula: S 9 = 1° : L 2 ; m : : P 
Legend: 

Sg = The situation, 

= f ( ecor< ^ e< ^ with the attribute 
“Good,” (with respect to hous- 
ing conditions) 

has 

h 2 = a photographed area of Eng- 
land 

subdivided into 


Quantic number = 0 ;0 ;2 ;1 

li — work and residence areas 
subdivided into 

|m = an indefinite number of blocks 
subdivided into 

| n = an indefinite number of house- 
plots 

each with 

P = a family plurel 
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J v < v 1 lffc * y* *mv* ' 

Still Room for Enormous Htjmajt ExpL^T 

vsry black figure stands for a present population flQ^ini nf inn *n* 
every white figure stands for potential suppoTforOOmS tor. 
wheel men live at the modern industrial level; the hamper men at tt ^ 
handicraft level; the bow and arrow men at the primitive level 


Mufl, ^ ath ’ 0tt °' " WorId P,a “”e “* ^.A„" The Survey, V 0 I. LXVII, No. 1, 


Descriptive formula : Sio = 'T° : L? * P 
Legend: 

Sio = The situation 

records 

T° = for 1930 

for each of 

|i = 7 

L 2 = mapped regions (areas not 
stated) 


Quantic number — 0 ;0 ;2 ;1 

= corresponding 
P = population 

divided into 
|p = possible and actual 
subdivided into 

|q = 3 occupational level plurels 
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S. 11 



Descriptive formula : Sn = 1 L 2 : %P 

Legend: 

Sn = The situation 
records 

*]> = points on the earth 
: = with corresponding 


Quantic number = 0 ;0 ;2 ;1 

%P = blood group percentages 

in 

| p = 2 plurels — European and non- 
European 
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S. 12 ( see page 474) 

Descriptive formula : Su = 'T° : Lr 2 Pi : m Quantic number = 0 ;0 ;2 ;1 

Legend: 

Su = The situation PL -2 

records 

'T° = at a specific date fi 

p = the population, 

L ! = the area, I 



Ref.: White, R. Clyde, Social Statistics, Harper and Brothers , N. Y., 
1933, p. 184. 


= the density 

of 

= the countries of the world 
for each of 

= 4 classes of land by crops 


Descriptive formula : S13 = ( p P : 'L 2 ) 1 

Legend: 

Su = The situation 

records 

P P = the families of playground 
children 

and their corresponding 


Quantic number = 0 ;0 ;2 ;1 


Tj 2 = home locations 


mapped in 


i = 2 regional 
classes 


r blocks 
* and 
zones 
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S. 14 


Population and Farmers per Unit of Tillage 
Acreage for Countries 



Re/.: Yano, T. and Shinasaki, K., Xippon, A Chartered Survey of Japan, Kukusei-Sha. The First Neu- 
tral Building, Kyoboshi, Tokyo, Chart 32, p. 85. 


Descriptive formula: S M = PL; 2 : q Quantic number = 0 :0 *8 *1 

Legend: 

S14 ~ The situation in each of 

records | p = 6 nations 

? = the unstated number of per- and for 

SOUS 

T _ „ q = farming and total populations 

jLj - — per square kilometer 
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S. 15 


477 


A'^eejf Rooms trirjt LPiafisj) fWMOf/t 

# o WPa *T7 t 4* Fa*TS fCCufiAtfTS teft yfVw 

VurtEff » cum Aft 


sYvM &£* SF fyoMS 

TV# i T,jt£t Am; Am/HJ 

. I am) USi TjHrt 2 






2 A ftp Usi THKU 3 

HR 

lit 




3a#j Its s Tmaa/ y 

Rl 





y M o&K 


MM 

l $ 

BH 



- 

CD 

OV. WUtoU vuVa 
^4 i 


T> Wj 


Ref.: Stein, Clarence S., The Housing Crisis in New York, Survey, Vol. XLIV, No. 19, Sept. 1920, 


Descriptive formula: S 15 = p (PL -2 ) . i 

Legend: 

Su = The situation 
records 

P = 4 sizes of plurels 
P = the number of persons 


Quantic number — 0 ;0 ;8 ;1 
L~ 2 =» per room 

| : i = with the corresponding num- 
ber of rooms 


Comment : 

A room might be interpreted as a volume (L 3 ) instead of an area (L 2 ) as here. 
The area of floor space, however, is the more usual unit in studying crowding 
and hence a “room” is so symbolized here. 
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S. 16 

Rural 1000- 2500' 10,000- Over Suburban 
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Cultural Rank of Migrants and Non -Migrants 
According to size of Birthplace and Residence 

Ref.: Huntington, Ellsworth, The Selective Action of Migration, New 
Haven, Conn., p. 509. 
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Descriptive formula : Sie = {L : p P :I 

Legend: 

Sis = The situation 
records 


for each of 


iL = 3 distances 
of migration 


'long 
- short 
k zero 


Quantic number = 0 ;1 ;1 ;1 


P 


I 


= a plurel 

from 

= 6 sizes of cities 
each with 
= a cultural rank 
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S. 17 



The Wave of “Sedition” Laws 

This map, just issued by the American Civil Liberties Union, shows the extent to 
which legislation restricting free speech has spread in the LTnited States. These laws 
with few T exceptions have been passed within the last five years. In announcing its 
campaign for the elimination of these law T s the union calls attention to their use to 
punish persons for expressing unorthodox economic or political beliefs. 


Ref.: Survey, Vol. XLV, No. 18, p. 623. 
* 

Descriptive formula : Sn = Li : 1 >°I 
Legend : 

Sn = The situation 
records 
for each of 
|i = the 48 States 


Quanlic number — 0 ;1 ;2 ;0 

L 2 = whose areas are mapped 

h°I = an all-or-none indicant of free 
speech 
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S. 18 
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Relative Soot Deposits in Indianapolis. March, 1912 


Ref.: Brinton, Willard C., Graphic Methods for Presenting Facts, Engi- 
neering Magazine Co., 1923, p. 245. „ William D. McAber in the Survey. 


Descriptive formula : S 18 = 'T° : iL 2 : 1 
Legend : 

Sis — The situation 
records 

/ T° = for March, 1912 


Quantic number — 0 ;1 #,*0 
in 

jL 2 = the blocks of Indianapolis 
I = the soot deposit 
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Ref.: Riggeman, R. John, Graphic Methods for Business Sta- 
tistics, McGraw-Hill Book Co„ N. Y., 1936, p. 184. 


Descriptive formula : S 19 = / T° : Lf : I Quantic number = 0 ;1 ;2 ;0 

Legend: 

S 19 = The situation for each of the 

records Lf = mapped U.S. States 

'T° = on a specified date I = the number of autos 
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America’s Stream of Capital 
Evezy arrow line stands for a billion dollars in long-term credits tincludi™ 


p. 624: Neurath ’ ° tt0 ' “' W ’° rld Pknning “ the U - S - A -” Survey , Vol. LXVII, No. 11, March 1, 


1932 , 


Descriptive formula: S 20 = T° : Lf : I 

Legend: 

S 20 = The situation 
records 

'T° = for 1931 

for each of 


Quantic number ■= 0 ;1 ;2 ,*0 

|i = 5 

Lr = mapped areas 

: = a corresponding 

I = investment of American dol- 
lars 
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S. 21 



The Distribution of Human Health and Energy on the Basis of Climate 


150 ° 180 ° 



■■ Very High 
Wiifl High 

HHI Medium 
Low 

EZZ3 Very Low 





Distribution of Civilization 


Ref.; Huntington, Civilization and Climate , Yale University Press, New Haven, Third Edition, 1924, 
p. 295. 
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Descriptive formula : S 21 = (il :: *1 : L 2 ) 

Legend: 

S 21 = The situation 
records 
for each of 

J = the temperature zones 
cross-classified with 
*|=5 rank points 


Quantic number = 0 ;2 ;2 ,*0 

on each of 

[ energy, 

Ii = 2 indicants civili- 

t zation 

V 

the corresponding 
L 2 = mapped areas of the world 
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!QV A- NATIONAL 
NM, Wl INDEX 

*sty v- and 

RELIGION 





Correlations of national-index in Europe with language, religion, race, rain- 
fall, health, and illiteracy. In all cases the area inclosed by the isopleth 9+ has 
a high national-index (i.e., lengthy self-government) and by isopleth 4— has a 
low national-index. (E, partly after Huntington; F, partly after Hettner.) 


Ref.: Taylor, Griffith, 4 ‘Environment and Nation,” Amer. Jour, Soc. t Vol- XL, July 7, 1934. 
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Descriptive formula : S22 = (il • • j(I) • 

Legend: 

S22 = The situation 
records 

,| = for even" class-inten T al of 
I = an indicant of nationhood 
:: = cross-classified 

with each of 
j| = the class-intervals 
of each of 

(I)j = 6 indices of environment 


2 ) j Quantic number — 0;2;2 ;1 

with corresponding 

L 2 5= mapped zones of Europe. 

1° = language 
I„ = rehgion 

/t'v == I'^ce 

~ 1 l,v = rainfall 
cr P, = death rate 
w %P„ = illiteracy 


S. 23 


Railways per Square Kilometre of Area 
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Ref.: Yano, T. and Shinasaki, Nippon , .4 Chartered Survey of Japan, Kukusei-Sha, Tokyo, Chart 135, 
p. 345. 


Descriptive formula: S23 = (PL -2 ) 1 

Legend: 

S23 = The situation 
records 

L = the railway trackage 


Quantic number = 0 ;0 ;18 ,*0 

L -2 = per sq. kilometer of area 

for each of 
|i = ID nations 


Comment on notation : 

The algebraic sum of the exponents (—2 + 1) is —1, but the quantic digits, 
18, preserve the structure in the situation, in asserting it to be a ratio of lines 
to areas. 
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Lighted honeycombs of New York City’s industry, finance, and gay living make 
pretty pictures by night. But actual living facilities of this wealthy city compare un- 
favorably by daylight with many little rural towns. 


Rep Life , May 23, 1938, p. 57, (Reproduced by permission of Ewing Galloway, N. Y.). 


Descriptive formula: S24 = 1 ° : 1 :in L 3 
Legend : 

S24 = The situation 

is a record 
corresponding to 
1° = the attribute “Bad” 

of 

*J = an indefinite number of build- 
ings 


Quantic number = 0 ;0 ;3 ;0 
and 

m | = rooms 

in 

L 3 = a photo of New York City (in 
three dimensions) 
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Ref.. Marshall, Leon C., The Story of Human Progress. Macmillan, N. Y„ 1925, p. 502. 

Descriptive formula: S-> 6 = 'T° • 'L 3 - P P n, <• , 

Legend: ~ ' ~ Qmntic number = 0 ;0 ;3 ;1 

S* = The photographed situation 'L 3 = a particular nofnt. in 


'L 3 - a particular point in space (the 
records machine gun station) 

/r T° = a particular moment : = a corresponding 

anc [ = crowd of people 

Comment: 

root S'bSr£r Wd iS be “ S dispersed by macMne S un from the 

cJti rSSorWmefdeteS db™*? f ^T 8 & “ Unified ” 

in space. As thev renliVo mes i determined by a smgle stimulus at one point 
run for safety from it. 6 ^ EnC e£fect ° f the macllirie S 1111 station, they 

IV. NOTES 

^th g^CTa^hiecn^ 005810 ^ ° f f the fuitdamentaI postulates involved in dealing 
icolovv ^LundC ' 38 part ° f S0CletaI situations . see Chapter XII on Human 
l COmpa “° n volume foundations of Sociology. 

6taiIed f0ITnulae for these exponents and their attendant descripts 


*re: 


1 L° — a named point 

l ^ J ° = an nggregation of named points 


(Eq. la, Ch. VIH) 
(Eq. lb, Ch. YHI) 



NOTES 


489 


Ch. VIII] 

j+i = an aggregation or map of lines of 1 qualitatively different classes 

(Eq. 2a, Ch. VIII) 

J/H = a line subdivided into 1 equal sects or units (Eq. 2b, Ch. VIII) 

iL+i = 1 points on a line (Eq. 2c, Ch. VIII) 

Li = an aggregation of areas, a map subdivided into different regions. 
(See S. 1 and 2, Ch. VIII.) (Eq. 3a, Ch. VIII) 

Llm:n= a regional hierarchy, as of continents (|i) subdivided into countries 
(| m ), further subdivided into provinces (|n). (See S. 3 and 12, Ch. VIII 
for L" 2 .) (Eq. 3b, Ch. VIII) 

iL 2 = successive equal class-intervals, 1 in number, of areas as in a distri- 
bution of houses by number of rooms. (See S. 15, Ch. VIII.) 

(Eq. 3c, Ch. VIII) 

l l? = 1 points in some area (Eq. 3d, Ch. VIII) 

L 3 = an aggregation of three-dimensional regions, such as air lanes, different 
rooms of a house, etc. (Eq. 4a, Ch. VIII) 

iL 3 = successive equal class-intervals, 1 in number, of volume, as in a frequency 
distribution of containers by capacity (Eq. 4b, Ch. VIII) 

! L 3 = 1 points in some three-dimensional region (Eq. 4c, Ch. VIII) 

In the great majority of recorded societal situations the exponents as described 
above serve to analyze the situation. Occasionally, however, the standard de- 
viation of a set of areas, or the number of spaces, regardless of their magnitudes, 
will be recorded. In such situations the exponents denote the statistical mo- 
ments, as well as denoting the physical dimensionality of the space as point, 
line, area, or volume. Here there is a double use of exponents which should be 
noted to avoid confusion. The first and commonest use of spatial exponents is 
to state the number of physical dimensions — 0 for a point, 1 for a line, 2 for an 
area, 3 for a volume. The second and rarer use of spatial exponents is to state 
the statistical moment — 1 for a mean, 2 for a variance, 3 for skewness, etc. 
This second mea nin g is the usual meaning of the indicatory exponents. When 
the two uses of the exponent occur in the same situation, there are two nota- 
tional alternatives as to ways of writing the quantic number and classifying the 
situation. One way is to consider the L 1 with its exponent denoting physical 
dimensions as an index (I), and then apply the operations called for by any 
further exponents denoting the statistical moments, as in the indicatory sector. 
The other and better way is to recognize two exponents and write both their 
digits in the quantic number. Thus a variance of areas would be: cr 2 = 2( d L 2 ) 2 /|i 
(aL 2 being in units of deviation from the mean area) and its quantic would be 
0,f);22;0. The “statistical” exponent may be written first, and the “physical” 
one second. Again the number of areas would be (L 2 )°si = |si, and its quantic, 
0,*0;02j0. The first quantic digit in a sector determines the class in the quantic 
classification. (The double quantic digit here is a little different from its use 
in a homosectoral ratio where, in strictness, when the exponents are subtracted, 
their quantic digits should be separated by a minus sign. No confusion is likely, 
however, in omitting the minus sign as in the quantic number of 0;0;18;0 for 
L+Tr 2 , illustrated in S. 23, Ch. VIH.) 
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This doubled exponent with the physical and the statistical meanings is sys- 
tematically classified in its dynamic aspects in Chapter X in discussing spatial 
processes. 

3 . When the number of units of length or area is not explicitly stated (as in 
the ordinary map showing relative areas only), the L is underlined to denote 
indefiniteness of amount. If the situation does not even comprise a map but 
merely names a region or states a plurel or characteristic of some region, the L 
is not written as a base letter, but is included as a qualitative characteristic in 
the descripts of the P or I. Cf. S. 12, Ch. VIII with S. 4, Ch. VIII and with 
S. 6, Ch. V. 

4 . Of course spatial relations, though usually expressed as ratios which are 
here our definition of density, may also be expressed as a product in such indices 
as ton-miles, passenger-miles, etc. (See S. 59, Ch. X.) 

5 . 1 hectare — 100 X 100 meters = .01 square kilometers = 2.471 acres 
= .003861 square miles. 1 square mile = 259 hectares = 2.59 square kilo- 
meters. 

6. This Eq. 8, Ch. VIII has methodological significance in that it suggests 
a way to convert ordinal indicants to cardinal units. By using density as a 
criterion, why not boldly define the successive equal steps in environmental 
utilization by means of Eq. 8, as “ those productive-cultures which support 
densities of population as given by the exponent of Eq. 8a.” This criterion is 
objective and precisely determinable. It specifies in operational terms the types 
of culture to be taken as standard equidistant points on the scale of a environ- 
mental utilization.” Note that this criterion places Miss Semple’s mixed cate- 
gory, “ agriculture with some industry,” as intermediate between points 4 and 
5. This illustrates how T this method of scale construction w r ould locate any 
given productive-culture. (S. 12 and 14, Ch. VIII provide some relevant data.) 

This proposal for constructing a cardinal scale of productive-cultures needs 
exploration to qualify and delimit it more carefully. Thus, for example, it may 
be expected to be less satisfactory for pioneer belts than for long-settled dis- 
tricts. Furthermore, the size of district observed needs standardizing, or else 
one square mile of a little village may show a spuriously higher density than the 
million square miles of an industrialized nation. 

7 . These are symbolized by the usual rules of S-notation as : 

(PL -2 )p = density of plurels (Eq. 9a, Ch. VIII) 

This states an index of density of population for each of p pl ur els. 

p (PL 2 ) :p ' = plurels of density, i.e., rural and urban plurels (Eq. 9b, Ch. VIII) 

This states that for each of p | successive class-intervals of a density index there 
is a corresponding plurel, | :p ,. In the dichotomy, a rural-urban, ” p |, is 2. 

P '(PL “) : P ' == a plurel of density, i.e., a rural or an urban plurel 

(Eq. 9c, Ch. VIII) 

This specifies one plurel defined by a particular class-interval of the density 
ndex, such as “the rural population.” 
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,(PL" 2 ):p = plurels of one density, i.e., either rural plurels, or urban plurels 

(Eq. 9d, Ch. VIII) 

This specifies all the plurels, | p in number, which correspond to (i.e., are defined 
by) a particular class-interval of the density index. 

The notational logic of Eq. 9b, c, and d is the same as in the case of distribu- 
tions of plurels-by-size. (Eq. 4, Ch. V.) 

8 . These three classes of crowds may be symbolized as follows : 

P P : 1° : 'L 3 , a scattered crowd (Eq. 11a, Ch. VTII) 

This asserts p | persons, each with a stimulus 1° in some 'point 'L 3 of space. 

P p : 1° : 'L 3 , a nucleated crowd (Eq. lib, Ch. VIII) 

This asserts | p plurels, each with a stimulus at some point of space, i.e., the 
number of stimuli and points is | p . 

P, : 1° : 'L 3 , a unified crowd (Eq. 11c, Ch. VIII) 

This asserts a single plurel with one corresponding stimulus at one point of 
space. 

In case the stimulus, instead of being an impersonal one 1°, is a person or 
plurel, 'P, replaces the 1° in Eq. 11, and the crowd ceases to be a plurel and be- 
comes a group, for it now involves interrelation of people as shown by its quantic 
number t ;i ;3 ;2. Also, fuller description of crowd phenomena requires the in- 
clusion of the dynamic aspects, reserved for later chapters. (For a classification 
of crowds similar to this one, see Ref. 49.) 

9. Note that these qualitative densities are attribute-space products or ratios. 
Thus in S. 2, Ch. VIII, the languages are attributes, so that = IiLJ. (See 
Eq. 5, Ch. VTII.) Note further that the arithmetic value of any quantity with 
a zero exponent is unity, so that 1° = 1. Whether a quantity such as L 2 is multi- 
plied by one or divided by one, the result is the same. Hence we may inter- 
changeably speak of I^L 2 as a qualitative product, an area of each language, or 
as a qualitative ratio, L 2 /I°, the area per each language. The ratio of one quan- 
tity to one quality is equal to the product of the quantity and the quality : 

(I),lj = (I), /I? = (I„) the equality of a qualitative product and a qualitative 

ratio (Eq. 12a, Ch. VIII) 

A qualitative density, 1° Lr 1 , is simply a space characterized by that quality. 
Any regions on a map, such as the various nations conventionally shown in 
various colors, are such qualitative densities. Each region has one quality and 
but one degree or amount of it. Thus any classification of space, denoted by LJ, 
can be re-expressed in the form of qualitative densities : 

L! = IjL 1 = (I°L0i = (Lyi°)i (Eq. 12b, Ch. VIII) 

10. The following types of spatial densities are also possible : 

1. Punctual linear densities, 2 ! L° lr 1 , the frequency of points on a line 

(Eq. 13a, Ch. VIII) 

2. Punctual areal and cubic densities, 2 1 L° lr 2 , 2 1 L° lr 3 , of points in a plane, 

or clusters of points in space (Eq. 13b, Ch. VUI) 
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3. Lineate linear densities, LLr 1 , as the percentage of paved stretches of a 

roadway . (Eq. 13c, Ch. VIII) 

4. Lineate cubic densities, LL“ 3 , as of wires in some vol um e 

(Eq. 13d, Ch. VIII) 

5. Areal cubic densities, L 2 L~ 3 , of planes in some volume, as in shelf-area per 

cubic foot of an icebox, or the pages of a volume (Eq. 13e, Ch. VIII) 



PART V 


THE TIME SECTOR, ?T* 


studying situations defined by T 1 "; P; L l ; P p 




Chapter IX 
DURATIONS, T +1 

L THE DIMENSIONS OF TIME, T\ 

In the preceding Parts II, III, and IV the static aspects of the 
indicatory, populational, and spatial sectors of societal situations 
have been successively expounded. Their dynamic aspects are 
now taken up by considering situations in which time is explicitly 
involved. Chapters III through VIII inclusive have dealt with 
phenomena for which the temporal digit of the quantic number 
is zero — the T° array in the quantic solid S. 33, Ch. II. Consider 
now phenomena classified under the quantic temporal digits other 
than zero, the T ±x and the T ±2 arrays of the quantic solid. 

A. The Temporal Exponent , | f 

Static, timeless, and instantaneous phenomena are symbolized 
by an exponent of zero on the time index, T 0 . 1 * 

Time ordinarily occurs in societal situations either as a dura- 
tion, or as a rate of change (an amount of change divided by the 
time in which it occurred). 

T 4-1 = a duration, a period of time (Eq. 2a, Ch. IX) 

(I)T~ 1 = a velocity of change, an index per unit of time 2 f 

(Eq. 3a, Ch. IX) 

Duration and change are but two aspects, with differing em- 
phasis, of the same phenomenon of something existing in time. 
Any finite duration ends, whether gradually or suddenly, and 
thus changes sometime. A long duration can be considered as a 
slow velocity of change; a short duration as swifter change. Both 
are primary indices, i.e., indices with an exponent of 1. The dis- 
tinction between the exponent of plus 1 and minus 1 is useful, 
however, even though the boundary is sometimes somewhat arti- 
ficial. All ages of persons, or things, at a given moment, and all 
aggregations or series of durations from variable initial dates up 

* For Eqs. la,— o Ch. IX, see notes at end of chapter. 

t For 2b-f ana 3b-f, Ch. IX, see notes at end of chapter. 
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to a common present moment, are considered as durations and 
symbolized by T+ 1 . All changes, velocities, processes, rates of 
growth, from a common initial date to either a common or vari- 
able terminal dates, are considered as changes and are symbolized 
by T" 1 . A population pyramid is a distribution of people by dura- 
tions (ages), but if one set of persons were counted year after year 
as they grew up and died off, their frequency distribution at each 
age would be a velocity of dying, and the exponent would be 
minus one. (See S. 3, Ch. IX for this distinction.) A definition 
of duration and of change, which is more exact and more amplified 
than the verbal statement above, is given by the fifteen graphed 
situations at the end of this chapter, all of w T hich involve durations, 
and the eighty-five graphed situations at the end of Chapter X, 
all of which involve change. The situations S. 74, 75, 77, 79, and 
85, Ch. X illustrate both, as these situations record changing 
durations, such as population pyramids changing from census date 
to census date. The present chapter covers durational situations, 
while the next chapter on Change takes up societal processes, 
growth, and change generally. 

Whenever a velocity of change is speeded up or slowed down 
there is acceleration — a change of pace. This is measured by 
dividing the amount of the difference in the velocities of two 
periods by the time interval in which that difference developed. 
This ratio of a velocity per unit of time, or the rate of change of 
velocity, means that the original societal change has been twice 
divided by a time index. An acceleration is thus defined by the 
presence of time to the minus two in the quantic formula: 


T“ 2 I = an acceleration of change of any index 

(Eq. 4a, Ch. IX) 3 * 

s = 8^;l,q> 


Acceleration is the essence of a force, whether physical or 
societal, since a force is defined as that which accelerates change 
in something. (See S. 21, Ch. II.) This class of temporal phe- 
nomena will be treated in Chapter XI, which comprises secondary 
temporal phenomena defined by T~“ 2 . 4 f 
As usual in S-theory, the exponent symbolizes the operational 


* For Eqs. 4b— 6, Ch. IX, see notes at end of chapter, 
f For Eq. 7, Ch. IX, see notes at end of chapter. 
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degree to which that index has been observed. If time is ignored 
or irrelevant, the exponent is 0. If the duration, or quantity , of 
time is measured, the exponent is + 1 ; while if something is ex- 
pressed in units of duration, as in the velocity ratio, the exponent 
is -1. If, more penetratingly, the relation between the velocities 
of sequential periods is observed, the exponent is —2; while if 
the relation between the durations of different kinds of things 
is observed, the exponent is +2. 

B . The Temporal Descripts , \\ t 

The thing whose duration or velocity is stated may be an index 
of any sector. Thus, one speaks of ages of people, of land, or of 
some characteristic, and of the velocity of processes such as mor- 
tality, acculturating, raising the marriage age, or expanding of 
territory — t T +1 : (P,L 2 ,I) and ( % P,I i ,T" l ; 1 L 2 )T“ 1 , respectively. 
Pure time may be multiplied by, or divided into, any index, 
creating indices of innumerable kinds. But pure time, a duration 
uncharacterized as to what it is a duration of, is one and but one 
homosectoral index. As such it can never have a plural class script, 
| t , but always has the singular class script, [„ whether explicit or 
implicit. However, when the duration is of some qualitative 
characteristic, there is an attribute-time product which is usually 
written implicitly by condensing the scripts of the attribute onto 
the time index: 

IJT+ 1 = T t 1 = the implicit attribute-time product, duration of 

some attribute (Eq. 8a, Ch. IX) 5 * 

Thus, in S. 9, Ch. XII, the ages of husbands (I?T +1 = T+ 1 ) 
are cross-classified with the ages of wives (I?/T +1 = Tt, 1 ). This 
attribute-time product is exactly parallel to the attribute-indicant 
product (Eq. 9, Ch. Ill), the attribute-population product (Eq. 4, 
Ch. IV), and the attribute-space product (Eq. 5, Ch. VIII) dis- 
cussed in previous chapters. All these attribute-index products 
are usually written implicitly for economy, but must be written 
explicitly whenever the attribute (1°) is observed in degrees and 
becomes an indicant (I +1 ) . 

The great majority of situations have but one time index. The 
data can usually be graphed with time represented by one co- 

* For Eq. 8b, Ch. IX, see notes at end of chapter. 
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ordinate. (The chief exception is where ages are given for a series 
of calendar years, i.e., a situation of changing durations, 
t T _1 : U T +1 : .) This one time index should not be confused with 
time measured in differing sets of units, such as years, months, 
reigns of kings, which are denoted by the period, or class-interval, 
script. 6 

The usual connotation here is that the periods are consecutive 
and of equal length. When the periods are not consecutive, or 
are of unequal length, this fact may be symbolized by the use of 
plural limits in the date or case script, as in Eq. 4d, Ch. IX above. 
Cycles, such as generations, business cycles, the rise and decay of 
institutions, are but one type of somewhat variable time periods, 
and multiples of them may be denoted by the period script. (See 
S. 2, Ch. IX and S. 7, Ch. XII.) 7 * 

The date script, as the case script may be called on the time 
index, denotes a point in time. 8 f It is useful, especially in specifying 
the limits of the period recorded in an S-situation, or in specifying 
the origin for reckoning durations, such as Anno Domini, birth- 
days for reckoning ages of people, or in specifying the present as a 
sliding zero point dividing the past from the future. 9 

II. DURATIONS OF INDICES 

A. Populational Durations , T : P 

Quantitatively recorded situations, in which the emphasis is 
upon the duration of something in time, are of less frequent occur- 
rence than situations in which the emphasis is upon the change, 
whether slow or fast, of something in time. The most common of 
the durational situations are the durations of a population of 
which population pyramids are a large subvariety. The popula- 
tion pyramid is a distribution of people by ages, repeated for 
each sex. Its typical S-formula is: 

tT* 1 : P p = a population pyramid (Eq. 12, Ch. IX) 

where t | is the number of age class-intervals and | p are the two 
sex plurels. 

With this as a basis a large range of demographic facts and 
principles can be expressed in mathematical for m. The tendency 

* For Eqs. 9a-b, Ch. IX, see notes at end of chapter. 

f For Eqs. 10-1 le, Ch. IX, see notes at end of chapter. 
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of a population pyramid to be normally isosceles is measurable 
by its negative correlation between age and population frequency : 

T • P < 0 (Eq. 13a, Ch. IX) 

which is perfect (i.e., T • P = - 1.00) when the pyr ami d is isos- 
celes. The degree of abnormality thus defined is measured bv the 
discrepancy of the correlation coefficient from unity. (See S. 26, 
Ch. II.) For another .example, the generalization that the sex 
ratio of males to females tends to vary inversely with the duration 
of life, can be expressed by an equation of the form : 

T • (735 - 700 P i/") > 0 rough relation of sex-ratio to age 

group 10 (Eq. 13b, Ch. IX) 

This crudely represents the relation by a straight line from 
which the sex ratio for any given age may be predicted. More 
accurate prediction may be made from a fitted curve. 

This illustrates the possibility of dealing mathematically with 
the many facts of societal significance which can be derived from 
the population pyramid. Among such are : 

frontier plurels, indicated by excess of adult males 

colonizing mother countries, indicated by excess of adult 
females 

unhealthy plurels, indicated by concave pyramids (i.e., high 
infant mortality) 

healthy plurels, indicated by convex (“beehive”) pyramids. 
(Study S. 77, Ch. X.) 

non-reproducing plurels, indicated by pinched-in bottoms, such 
as cities, or countries with faffing birth rates 

non-residential plurels, such as business groups, indicated by 
excess of adults. (See S. 26, Ch. II.) 

plurels with major wars in the present generation indicated 
by indentation of males and babies of the war period from 
1914-19. (Study France and Germany in S. 5, Ch. IX.) 

stabilization of population composition, indicated by “waves” 
of bulges in the pyramid at different dates. (See S. 14, 
Ch. XII.) 
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migrational plurels as the foreign born in the U.S.. indicated 
by “ bulges JJ in adulthood. (See S. 75, Ch. X.) 

marital mores, indicated by dissimilar curves for sexes, and 
races as in S. 6, Ch. XII. 

increasingly elderly populations, indicated by pyramids fatter 
at the top. (Study S. 76, Ch. X.) 

and many other demographic phenomena. 

The phenomena thus graphed are steadily being reduced to 
more rigorous mathematical treatment. Thus, from smoothed or 
fitted curves of populational durations predictions of social and 
economic importance can be made, as in the labor turnover of a 
factory illustrated in S. 7, Ch. IX. The largest field of these 
populational durations is in life, and other forms of insurance. 
Actuarial mathematics has developed the science of compound 
probabilities to a very high point. Starting from simple tables of 
longevities and expectancies of life (as in S. 29, Ch. II ; S. 80, 81, 
Ch. X; S. 42, Ch. XI; S. 8, 12, 13, Ch. XII) and mortality rates 
by age, insurance calculations range up to very involved calcula- 
tions. The high development of actuarial work and the enormous 
utility of insurance in the modern world are outstanding answers 
to those critics who assert that the social sciences cannot attain 
mathematical precision in, their generalizations. 

While critics outside the field of Sociology often ignore the 
achievements in the field of insurance, this field is also too often 
ignored by sociologists. The elementary textbooks of Sociology 
hardly refer to this field of practical achievement. The theory on 
which it is based is hardly emphasized, namely, the constancy of 
statistics from large samples or, more broadly, the laws of sam- 
pling. The principle, in measured form, is that the standard 
error of any index, in general, varies inversely as the square root 
of the size of the sample : 

a (I) • (P- 5 ) = —1.0 = general relation of sampling error to size 

of sample (Eq. 14a, Ch. IX) 

This principle that the reliability of quantitative data tends to 
increase as the square root of the size of the population observed 
is relegated to statistical textbooks and hardly mentioned in cur- 
rent sociological textbooks. Yet it embodies one of the most 
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essential principles in Sociology on which rests, in large part, 
the hope of founding a science, of establishing uniformities. 11 * 
Valid societal generalizations or laws are valid in large part be- 
cause human phenomena in the mass or on the average are more 
stable and predictable than in the individual person. This prin- 
ciple of increasing stability of behavior with increasing size of 
sample observed, is almost as basic a working tool in the social 
sciences as the principle of conservation of energy is in Physics. 
Progressively as more sociologists realize this principle and utilize 
it as insurance actuaries do, Sociology may be expected to become 
more of an exact science and less of a literary discipline. Towards 
this objective a contribution of S-theory may prove to be its 
standardized symbols and matrix formulations, which should 
tend to bridge the existing gap between partially qualitative and 
crudely tabulated data on the one hand, and on the other hand, 
equations of best fitting curves or other calculative formulae 
which increase man’s ability for prediction and controlled manip- 
ulation of societal phenomena. 

B. Indicatory Durations , T : I 

After the class of situations involving durations of population, 
the class of durations next in importance is that of durations of 
characteristics. The duration of culture traits and complexes 
would be subsumed under this class, as also would much of the 
phenomena going under the conventional rubrics of “tradition,” 
“custom,” and “institutions” w T henever their properties of per- 
sistence and continuity are being studied. Culture traits and 
complexes have longevities. They are youthful upstarts, or hoary 
elders surviving for centuries. The symbolic description for this 
class of societal phenomena, by the rules of S-notation, is: 

t T+ x : IJ. j = longevity of culture traits and complexes 

(Eq. 15, Ch. IX) 

This denotes an age distribution of qualitative and quantitative 
(I 1 = 1°, I +1 ) characteristics and their subclasses. When these 
characteristics have been created by man, their total aggregation 
is called culture, which, in turn, is subclassified into culture com- 
plexes in a hierarchy descending to the more-or-less elementary 

* For Eq. 14b, Ch. IX, see notes at end of chapter. 
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culture trait. The number of degrees (or levels) of subclasses in 
the hierarchy in any recorded situation is denoted by the number of 
class script s, | ss = | i + j + k + 1 + etc. . Strictly speaking, Eq. 15 asserts 
durations of any characteristics; physical as well as cultural; but 
the cultural characteristics are the sociologically more important 
type of I in Eq. 15. When the indicator is a dynamic one (IT -1 ), 
Eq. 15 can symbolize customs and folkways, the enduring or 
repetitive activities of people. 

The function of such a formula as this is partly to make the 
definition of the phenomena studied more precise and objective. 
The ages must be stated and not left indefinite in relative adjec- 
tives such as “very old,” “quite new,” etc., if t T is to be specified 
in the legend. The culture traits and complexes must be defined 
by some record, such as a schedule card with operational instruc- 
tions for filling it out. Each item of the schedule card defines a 
trait, and any specified set of items defines a complex. These 
qualitative sets of data, or quantitative sum of weighted scores, 
define the indicators in the hierarchy of culture, l! : j . 12 

Proportionately as cultural anthropologists define the some- 
what loose and unstandardized “culture traits” and “culture 
complexes” in operational terms of exactly specified questions 
to be asked, and observations and distinctions to be made in 
filling out a schedule card, greater objectivity and precision of the 
facts of culture will result. 

A second function of such a formula as Eq. 15, Ch. IX is, in 
common with all descriptive S-formulae, to serve as a base for 
manipulating and studying the relationships in the situation. 
Comparisons, or equalities and inequalities, correlations and con- 
tingencies, sequences, classificational patterns, and many other 
relationships within the situation, can then be readily and pre- 
cisely denoted, either as facts, or as hypotheses to be tested by 
patterns (i.e., variant formulae) built up of the entities defined 
by the legend of Eq. 15. Thus, in S. 22, Ch. VIII the longevities 
of the culture complex in the countries of Europe, entitled “na- 
tional independence,” are summarized in a “national index” and 
correlated with indicators of language, rainfall, religion, health, 
race, and illiteracy. From Eq. 12, a population pyramid, a dozen 
relations such as Eq. 13, the relation of sex-ratio to age, can be 
built up as fisted in the paragraph following Eq. 13. Hitherto, 
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any such relation as Eq. 13 has had to have its symbols defined 
ad hoc for that situation, but the standardized notation of 
S-theory both fits that situation into a class in a comprehensive 
system of classification, and facilitates deriving further relations 
by merely varying, in any recorded situation that is being studied, 
the permutations and combinations of the entities defined by the 
legend of Eq. 12. 

For another example, whereby the formulation in algebraic 
notation can sharpen and order a temporal sociological classifica- 
tion consider Lundberg’s methodological classification of socio- 
logical observation by sources (Ref. 45, p. 86) as: 

I. Historical sources 

a. Geological strata 

b. Documents, inscriptions, etc. 

II. Field sources 

c. Information from living individuals 

d. Direct observation of behavior 

These are an aggregation of qualitative characteristics Ii : j, 
where |i = 2 and |j = 2. But they form a time series, correlating 
highly with successively receding and lengthening periods in the 
past which can be expressed by the successive exponents on a 
suitable time period which is here a century (T = 100 years). 
The formula for this series of periods then is : 

T* : 1° = a logarithmic series of qualitatively characterized pe- 
riods (Eq. 16, Ch. IX) 

This series can be extended by increasing the exponent beyond 
+3, to divide the past into equal logarithmic periods which, as a 
mnemonic device for cosmic development, may be qualitatively 
characterized approximately as tabulated below : 

t T 1 1°, 

0 a year = 100° the societal present , lid above. 

1 a century = 100 1 the maximal period within which 

persons now living have devel- 
oped, lie above. 

2 10 millennia = 1Q0 2 the maximal period within which 

civilization has developed, i.e., 
recorded, history, lb above. 
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3 1 million years = 100 3 the maximal period within which 

man has developed, la above. 

4 100 million years = 100 4 the probable period within which 

life has developed on our planet. 

5 10 billion years = 100 5 the maximum period within 

which our solar system has de- 
veloped including the birth of 
our sun and its planets. 

By shifting the time base from a century to a decade (T = 10), 
intermediate periods may be marked off, such as periods in which 
modern civilization, stone age man, mammals, etc., have de- 
veloped. This extends the series from six to eleven items as now 
T* = 10 10 at maximum. 

C. Spatial Durations , T : L 1 

A final type of durations is spatial durations. Although im- 
portant in Geology, these are of less importance in Sociology. 
This includes the distributions by longevity, or by duration up 
to the present, of spatial points, lines, areas, or volumes of spec- 
ified types. This formula is : 

t T +1 : IL} = spatial durations (Eq. 17, Ch. IX) 

Data of this sort occur in studies of title deeds to land; neces- 
sities of crop rotation; wear of roadbeds, cables, pipes; age of 
city and archaeological ruins; age of containers, from freight cars 
to cranial capacities, etc. Here again, the descriptive formula is a 
basis for expressing relationships in the situation. Thus, in S. 12, 
Ch. IX, the cranial capacities of persons of ages 6 to 19 can be 
compared by sex, stating the principle of a smaller capacity of 
females at all ages, in a rough equation of the form : 

P, : L 3 = P„ : a:2 'T +1 : L 3 +60db 

(Eq. 18a, Ch. EX) 

This states that for males of ages 8 to 19 the cranial capacity 
is approximately 60 cc. greater than that of females of those ages. 
Given the legend of S. 12, Ch. IX, Eq. 17 states, to one who is 
practiced in verbalizing the symbols of S-theory, a generalization 
from the data without the need of any further legend, such as the 
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previous sentence. (For a briefer equation see Eq. 18c of 4jns 
chapter.) " - 

Again the mean amount of increase of cranial capacity per 
year in this age range is, for males: 

P, : I/T- 1 = 17.7 (Eq. 18b, Ch. IX) 

For another example of manipulating the basic descriptive 
formula of a situation, consider the hypothesis that the smaller 
cranial capacity of females is proportionate to their smaller bodies. 
Denoting the new variable, “body size/ 5 measured by “cubic 
centimeters of water displaced on immersing ” as L , 3 ,, the hypoth- 
esis is stated as : 


P, : L ,?/„? « P„ : Ujn (Eq. 19a, Ch. IX) 

For those not practiced in verbalizing S-formulae, this states 
that, for males, the ratio of cranial to body capacity is, according 
to hypothesis, equal to that of females. (The question mark 
denotes a question as to the equality, an uncertainty to be tested. 
It labels the equation not as a fact, but as an hypothesis.) An 
hypothesis such as this has obvious significance for the issue of 
the equality of the sexes. The hypothesis tends to be true, though 
the data for proof are not provided in S. 12, Ch. IX as recorded. 
Many further hypotheses of relation can be explored, such as 
whether this cranial capacity corrected for body capacity has 
more, or less, correlation with intelligence than the cranial capac- 
ity alone (which has little correlation to intelligence ■within the 
human range, but has higher correlation in the larger anthropoid 
range) . 

Equations 17, 18, and 19 illustrate a function of S-formulae in 
aiding the exploration of relations in a given situation (such as 
S. 12, Ch. IX, which is a particular application of the more gen- 
eral type of spatial durations, Eq. 16, Ch. IX). Of course, these 
equations neither discover nor verify such relations. They simply 
record, in a form suitable for mathematical reasoning, the insights 
and findings of the researcher (with whatever degree of precision 
he has achieved in his observing), in a standardized notation 
which then automatically classifies these data into their quantic 
class in the whole field of societal phenomena. 
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III . BRIEF S-FORMULA 

In the preceding chapters up to this Part V, the notation for 
the four sectors has been cumulatively expounded. 13 The remaining 
chapters add no new symbols. Consequently, the notational sys- 
tem may be briefly reviewed at this point and a condensed or 
briefer notation pointed out. 

All the full descriptive or matrix formulae up to this point in 
the exposition have excluded cross-scripting. Cross-scripting 
means the attaching of scripts from one sector onto a base letter 
from another sector. In the full descriptive formula the scripts 
are always homosectoral, i.e., of the same sector and denoted by 
the same letter, as the base letter to which the descripts may be 
attached. But when cross-scripting is permitted, a flexible, com- 
pact, but less precise notation, designated “Brief-S formulae/ 7 
results. As these Brief-S formulae will be much used in the re- 
maining chapters, they may be explained herewith. 

The aim of Brief-S formulae is parsimony of symbolism. Its 
technic is to select the rightmost index, i.e., the most dependent 
index in an S-situation, and to denote what the other indices de- 
note by attaching their scripts to it. This is “ cross-scripting.” 
Thus, a frequency distribution of people on some characteristic is 
by full formula : 


J : P, (Eq. 20, Ch. IX) 

or iP by brief formula 

This states an aggregation of P persons at each of i class-intervals 
of an indicator, P being a variable with / values. 14 * 

The convenience of these brief formulae is often very great, so 
that they will be used extensively in defining societal processes in 
the chapters ahead. For examples of their brevity, note how 
the three equations summarizing the facts, or stating an hypoth- 
esis, with regard to the spatial durational situation of cranial ca- 
pacity of the sexes increasing with age as graphed in S. 12, Ch. IX, 
can be condensed : 


t Lf • ( t L?, + 60) = r > 0 (Eq. 18c, Ch. IX) 

(Cf. with Eq. 18a) 


* For Eqs. 21—28, Ch. IX, see notes at end of chapter. 
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This states that the volume (L 3 , cranial capacity) for t j periods 
(ages) of males, |,, tends to equal the volume for those ages of 
females increased by 60 cc. The tendency to equal is denoted by 
the correlation symbol •. This usage should be noted carefully, 
for it is of great import for the social sciences. Exact equations 
between observed societal indices are seldom possible, but their 
correlations can be observed. All correlations of indices mean a 
tendency to equal each other (when expressed in sigma units). 
When the correlation is 1, the tendency equation or regression 
equation becomes the exact equation of mathematics. When r is 
less than 1, as it usually is, the equation, properly manipulated, 
can still yield much of the service that equations yield in Chem- 
istry and other sciences. 

The velocity of growth of cranial capacity simplifies to : 

P, : UT' 1 = 17.7 = L ? /t (Eq. 18d, Ch. IX) 

Here the “Brief-S” at the right asserts a volume per period 
of a particular plurel being equal to 17.7 cc. Again, the equality 
of the sexes in regard to the ratios of cramum-to-body capacity 
in Eq. 19a, Ch. IX becomes: 

LWr-p,,, (Eq. 19b, Ch. IX) 

From the legend for S. 12, Ch. IX, Eq. 19b can be directly ver- 
balized as: the ratio of cranial to body, ],///, capacity, L 3 , of males, 
| P ', equals, according to hypothesis, ? =, that ratio of females, 
j P ". For further examples of Brief-S formulae, see the standardized 
patterns of S-formula in the Appendices. 15 

IV. S-SI TU AT 10 NS 

For examples of the durational formulae of this chapter the 
sample of twelve S-situations which follow may be studied. These 
furnish a little evidence of the extent to which the S-symbols fit 
the observed and currently published quantified data in the social 
sciences and bring them all within the S-classification of which the 
major classes are diagrammed in S. 33, Ch. II. These S-situations 
are a small sample of the fifteen hundred photostated sets of data 
culled from the literature of the social sciences of the past score of 
years from which the S-symbols and formulae were induced. 



THE WORLD CALENDAR 


First Quarter 


JANUARY 
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29 30 31 
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All Years Alike 
All Quarters Equal 


Second Quarter 


APRIL 


10 11 12 1 
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24 25 26 2 
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Third Quarter 


JULY 

S 

M T W 

T 

F 

S 

1 

2 3 4 

5 

6 

7 

8 

9 10 11 

12 

13 

14 

15 

16 17 18 

19 

20 21 

22 23 24 25 

26 

27 

28 

29 

30 31 . . 



- •; 


AUGUST 



S 

M T W 

T 

F 

s 


.... 1 

2 

3 

4 

5 

6 7 8 

9 

10 

11 

12 

13 14 15 

16 

17 

18 

19 

20 21 22 

23 

24 25 

26 27 28 29 30 




SEPTEMBER 


s 

M T W 

T 

F 

S 


Fourth Quarter 


OCTOBER 


1 2 3 4 5 6 7 
8 9 10 11 12 13 14 
15 16 17 18 19 20 21 
22 23 24 25 26 27 28 
29 30 31 


NOVEMBER 


12 3 4 

5 6 7 8 9 10 11 
12 13 14 15 16 17 18 
19 20 21 22 23 24 25 
26 27 28 29 30 

DECEMBER 



*YE AR-E ND DAY, December Y, follows December 30th every year 

** LEAP-YEAR DAY, June L, follows June 30th in leap years 


The World Calendar is a revision of the present 
calendar to correct its inequalities and discrep- 
ancies. It rearranges the length of the 12 months 
so that they are regular, making the year divisible 
into equal halves and quarters in a “ perpetual * ** 
calendar. Every year is the same; every quarter 
identical. 

In this new calendar, each quarter contains 
exactly three months, 13 weeks, 91 days. Each 
quarter begins on Sunday and ends on Saturday. 
The first month in each quarter has 31 days, and 
the other two 30 days each. Every month has 
26 weekdays. 

In order to make the calendar perpetual (identi- 
cal for every year), at the same time retaining 
astronomical accuracy, the 365th day of the year, 
called Year-End Day, is an intercalary day placed 
between December 30th and January 1st and 
considered an extra Saturday. The 366th day in 


leap years, called Leap-Year Day, is intercalated 
between June 30th and July 1st on another extra 
Saturday. These intercalary or stabi lizin g days 
are tabulated as December Y and June L, and 
would probably be observed as international holi- 
days. January 1st, New Year’s Day, always falls 
on Sunday. 

The revised calendar is balanced in structure, 
perpetual in form, harmonious in arrangement. 
It conforms to the solar year of 365.2422 days and 
to the natural seasons. Besides its advantages in 
economy and efficiency, it facilitates statistical 
comparisons, co-ordinates the different time- 
periods, and stabilizes religious and secular holi- 
days. As compared with any other proposal for 
calendar revision, it offers an adjustment in 
which the transition from the old to the new order 
can be made without disturbance. 


1 Our stability is but balance." — Robert Bridges. 


Ref.: Journal of Calendar Reform, The World Calendar Assoc., Vol. 6, No. 2, Aug., 1936. 
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Descriptive formula . Si — t : u : v : w : xT - ^ 

Legend: 

Quantic number = 1 ,*0 ;0 ;0 

Si = The situation 

v | = 3 second-order subperiods, the 

records 

months 

t | = all periods 

each 

of 

: = subclassified into 

T = a duration of one year 

u | = 4 third-order subperiods, the 
weeks 

: = subclassified into 

: = each subclassified into 

u | = 4 first-order subperiods, the sea- 

x| = 7 fourth-order subperiods, the 

sons 

: = each subclassified into 

days. 


Comment on notation: 

1. This S-situation illustrates a hierarchy of period scripts which are class- 
interval scripts in the temporal sector T. Since the total period is classified in 
five different ways, on the basis of five different units of time (years, seasons, 
months, weeks, days), the formula could be written more compactly, but with 
loss of detail, as Tf 1 , denoting a duration of a year T, in five classifications, | t . 
There are thus five indices. In vectorial terms fhere are five congruent vectors ; 
which can also be considered as one vector subdivided into five sets of line sects. 
(Cf. S. 35, Ch. II.) 

2. The meaning of a matrix , an aggregation of numbers in a rectangular ar- 
rangement, is also illustrated. The total matrix is subdivisible into submatrices. 
Thus, a month is an imperfect 7X5 submatrix, meaning that it has seven col- 
umns and five rows, but is imperfect in that it has some empty cells. A week 
is a 7 X 1 submatrix of the month matrix. One day is the lowest limit of the 
hierarchy of matrices, as it is a matrix of only one cell, i.e., a 1 X 1 matrix. 
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Length of business cycles in the United States. Busi- 
ness cycles during the national period, classified ac- 
cording to the number of years duration. The dis- 
tribution shows that the modal, or most common, 
cycle (32%) lasted three years, while a small per- 
centage lasted as long as nine years. The average was 
about four (cf. Wesley C. Mitchell, “ Business Cycles,” 
page 391; National Bureau of Business Research). 


Ref.: Reinhardt and Davies, Principles and Methods of Sociology, 
Inc., 1932, p. 533. 


Descriptive formula: S 2 = t : suTy 1 

Legend: 

S 2 = The situation 

is a record of 
tT* 1 = 10 lengths of periods 

each with a corresponding 
suj = frequency of depressions 


Quantic number = 1 ;0 ;0 ,*0 


|t = in 2 classi- 
fications 


observed 
distribu- 
tion and 
normal 
distri- 
k bution 


Comment on notation: 

The 2 symbol before a descript converts it from denoting an aggregation to 
denoting a single number . The total symbol S 2 denotes a homosectoral frequency 
distribution in the time sector. It asserts an aggregation of periods, t| in number, 
each with its corresponding ( :S „|) frequency of occurrence. 
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Hypothetical curves of cumulative birth rates for a 
single cohort of women observed at successive ages, and 
for successive cohorts of women observed at one date. 


Ref.: Sallume, X., and Notestein, F. W., “Trends m the Size of Families 
(computed prior to 1910) in Various Social Classes,” Amer. Journ . Soc., 
Vol. XXXVIII, No. 3, Nov., 1932, p. 401. 


Descriptive formula: S 3 = (tT* 1 ” 1 :2J P, 

Legend: 

S 3 = The situation 

records 

|t = 2 classifications of time 

into 

tT* 1 = a series of durations (ages) 

and 

t T -1 = growths (rates of change) 


„ l )t Quantic number — 19 ;0 ;0 ;19 

each classification having a 
corresponding 

X = cumulative 
P, = frequency of births 
P„ = per 100 wives 


Comment: 

This situation illustrates time as duration and rate of change, symbolized in 
S-notation by exponents of plus one and minus one respectively. (See S-Rules 
#12-17 in Appendix II.) 
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ft 

S. 4 

Vacations for the Year 1912 



Chart for Assigning Vacation Periods in a Large Office 

Vacations have been here planned so that not more than two men are away 

at any one time. 

Ref.: Brinton, Willard C., “Graphic Methods for Presenting Facts,” Engineering Magazine Co., 1923, 


Descriptive formula: S4 = P P : a : Z 'T 

Legend: 

S4 = The situation 

records 
for each of 

p P = 18 employees 


Quantic number = 1 ;0 ,D ;1 

: = a corresponding 
T = 2 weeks vacation 

with 

a:z '| — initial and terminal dates 


Comment on notation: 

This situation is a list distribution of periods by persons. (Cf Eq. lb, Ch. V.) 
It illustrates a use of S-notation to describe calendrical events, either as a his- 
torical record of the past or as predictions in a plan for the future. 
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S. 5 



Ref.: Yano, T., and Shirasaki, K., Nippon, A Chartered Survey of Japan, 
Kukusei-Sha, Tokyo, 1936, chart 171, p. 445. 


Descriptive formula : S 5 = ( t T +1 :P p ) q T° Quantic number = 1 ,* 0 ,* 0;1 


Legend: 

S 5 = The situation 

records 

t| = 20 age periods 
T 4-1 = each of 5 years 

each with a corresponding 
P = population 


subdivided by 

| p = the 2 sexes 

and all repeated for each of 

L = 5 nations 
* ^ # 

"P = at a certain date for each na- 
tion 




Ref : Duncan, Otis, “The Factor of Age in Marriage,” Amer. Jour. Soc., Yol. XXXIX, No. 4, Jan. 
1934, p. 476. 


Descriptive formula : S 6 = tT +1 : P 

Legend: 

S 6 = The situation 

records 

t T = some 50 intervals of age dif- 
ference 


Quantic number — 1 ;0 ;0 ;1 

: = with a corresponding 

P = frequency of husbands and 
wives 


Comment: 

The probability of the age discrepancy exceeding any assigned amount, t 'T, is, 
using cross scripts, t'P P, the population exceeding a particular time interval 
divided by the whole population, P. More refined calculation of probabilities 
might be attained by fitting a normal distribution curve to these data. 
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S. 7 
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Ref.: James, Gorton, “Baby Annuities,” Survey , Vol. XL VI, No. 20, Sept. 24, 1921, p. 707. 


Descriptive formula : S7 = tT +1 : P 
Legend : 

S 7 = The situation 
is a record of 
t| = 50 periods 
of 


Quantic 7 iumber — 1 ;0 ;0 ;1 

T = a year’s sendee 
: — each with a corresponding 
P = number of employees 


Comment: 

Of course the equation of some best-fitting curve would define this curve with, 
greater determinateness. 

This S is a borderline one between duration and change, T +1 and T*" 1 . Dura- 
tion dominates if the data are a survey on one date making a J-shaped distribu- 
tion curve of employees by length of service. (See S-Rule $12 in Appendix II.) 
Change dominates if one starts with a standard employee population on a cer- 
tain date and plot decrements of it every year thereafter, i.e., the number fired 
or the number surviving out of that original population. 
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Hiriti-CARTA6&-PAT&5-PAY- POR- THESE 


C IQO TBUCK. H0UR5 


36 Hours 


29.2 Hours 


34.8 Hours 



Unproductive WorK 
(Congestion, wai+ing ; etc.) 



Loadia ? choree / TRUCKMAN'SX Salary & Profit 

cev&Mue- DOLu&^y 

Courtesy of the NW York Port Authority 

yphcTc the tTuckinciTi 5 dollar goes-— one 
reason for mounting costs of living in the 
dinosaur city 


Ref.: Stein, Clarence S , “The Dinosaur Cities,” Survey , Vol. LIV, No. 3, May 1 , 1925, p. 138. 


Descriptive formula: Sg = : % T +1 

Legend: 

Ss = The situation 

records 

Ii = 5 kinds of trucking cost 


Quantic number — 1 ;1;0;0 

with corresponding 
T+ 1 = time 

%\ = all in percentage units 
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S. 9 



TRUANCIES OF AH 11 YEAR OLD GIRL 

A) DURING PERIOD IN WHICH NO RECRtA 770V IS SUPPLIED 
6) During perioo of library attendance 
O During period of supervised recreation 



| truancy from home 

Qj TRUANCY FROM HOME AND SCHOOL 

L LI OR ART ATTENDANCE 
R SUPERVISED RECREATION 


Ref.: Trump, Elizabeth, “What Does the Social Worker Do?” Social Forces , Vol. Ill, No. 2, Jan., 
1925, p. 273. 


Descriptive formula : S9 = 'P : t : uT 4 " 1 : 1 *°I i 

Legend: 

S 9 = The situation 

records for 

'P = a particular girl 
tT +1 = 14 months 
u | = and their days 
: = for each of which there was 

Comment : 


Quantic number — 1 ;1 ,0 ;1 

1 *°I = an all-or-none indicant 
| i = of 5 kinds — 

f presence at home, 

_ school, library, 
playground and 
k correctional school 


This is an example of an attempt at causal analysis of a case with graphical aid. 
Correlations with time sequence noted are the necessary, but not necessarily 
sufficient conditions of causation. 
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The results of the first series of tests are given in Tables V to XVI inclu- 
Jsive. Following is the key to the contents of all the tables of Series I. 

i Ind. = Individual. The name is omitted for obvious reasons, 
j Age. = Age in years. 

1 — Assenting to overstatement regarding his grades. 

2 = Yielding to the suggestion that he made a mistake. 

3 = Accepting help contrary to his instructions. 

4 = Returning or delivering articles according to promise. 

5 = Keeping ten cents overchange. 

6 = Accepting ten cent tip for small favor. 

7 — Pushing a button according to instructions. 

8 = Counting A’s in a picture book as rapidly as in an uninteresting book. 

9 = Peeping at a profile when on honor to keep his eyes closed. 

10 — Cheating by adding words after test was over. 

M — Merits and demerits. Merits are indicated by the plus sign; demerits by 
the minus sign. 

G = Grade. This is obtained by adding the scores and the merits and demerits. 
R = Rank given by the tests. 

RL = Rank given by the judgment of the teacher or leader. 

IQ = Intelligence Quotient. 


TABLE V 
Series I. Group A 


Ind. 

Age 

D 

2 

. 

3 

4 

5 

5 

D 

s 

9 

10 

M 

G 

R 

RL 

IQ 

1 


10 

2 


0 

10 

10 

5 

10 

10 

10 


77 

3 

2 

148 

2* 


0 

3 

10 

10 

0 

0 

2 

7 

0 

0 

—10 

22 

7 

7 

133 

3 

11 

0 

4 

5 

10 

0 

0 

2 

HI 

7 

0 


38 

6 

5 

142 

4 

11 

2 


10 

0 

10 

10 


El 


10 


82 

2 

3 

151 

5t ! 

13 

10 

9 


10 

10 

0 

6 

7 


0 

—20 

42 

5 

6 

135 

6tt 

■El 

10 



10 

0 

10 

8 



10 

—10 

68 

4 

4 

146 

7 

i 

11 

10 

3 


10 

10 

10 j 

i 




D 


88 

1 

1 

139 


* Removed money from a pocket book which he found and then returned the book to the Lost and 
Found Department. 


t Told a falsehood on his own initiative; stopped in the midst of an assigned task to attend to other 
matters of interest to him. 

tt Stopped in the midst of an assigned task to attend to other matters of interest to him. 
Correlation between the ranks obtained by the tests and those given by the four teachers = .928. 

Ref.: Yoelker, Paul Frederick, The Function of Ideals and Attitudes in Social Education, Teachers 


College, Columbia Univ., X. Y., 1921, p. 93. 


Descriptive formula : Si 0 = P P : (Ii, T+ 1 ) 

Quantic number = 1 ;1 ;0 ;1 

Legend: 


Sm = The situation 

Ii — 15 indicants of character and 

records 

other tests 

for each of 

T 4 " 1 = and also their ages 


p P = 7 persons 
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Comment on notation: 

The intersectoral structure of this situation is a “loose” one in contrast to one 
subclassifying indices of one sector by indices of another sector, or in further 
contrast to the “tight” structure of a cross-classification. The T and the I’s 
here are merely compared, as shown by the comma, and are bound together by 
their common dependence on the persons observed, as symbolized by the paren- 
thesis on all of whose contents the colon and its preceding descripts operate im- 
partially. 
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DEGREE OF INTIMACY (SPRING 1932 GROUP) 


! 

Pairs 

Xo. of 

Cases 

! Mean Age j 
Difference 

| j 

Mean Scale 
Position 

Mean 

Distance 

Index of 
Intimacy 

U) 

& 

(3) 

(4) 

(5) 

(6) 

Based on Col. 4 

Brothers j 

79 

3.88 

6.12 

.97 

117 

Sisters j 

52 

5.11 

5.20 

1.11 

100 

Totals or Means 

131 

4.37 

5.75 

1.02 

108 

Boy-Cousin 

24 

2.28 

6.42 

1.56 

123 

Girl-Cousin 

! 17 

4.31 

4.69 

1.47 

90 

Totals or Means . . 

41 

3.13 

5.70 

1.52 

i 

106 

I 

i _ 

Boy-Uncle 

23 

1 

21.43 

7.47 


143 

Girl-Aunt 

16 

21.97 

6.61 

1.91 

127 

Totals or Means . . 

39 

21.65 

7.12 

1.79 

135 

Sisters 

i'- ' -- 

52 

5.11 

5.20 

1.11 

100 

Girl-Cousin 

17 

4.31 

4.69 

1.47 

90 

Girl-Aunt 

16 

i 

21.97 

6.61 

1.91 

127 

Means 

85 

8.12 

5.36 j 

1.33 

105 

Brothers 

79 

3.88 

6.12 

.97 

117 

Bov-Cousin 

24 

2.28 

6.42 

1.56 

123 

Boy-Uncle 

23 

21.43 

i .4‘ 

1.70 

143 

Means 

j 126 

6.78 

6.42 

1.21 

127 


Ref.: Chapin, F. Stuart, Contemporary American Institutions , Harper and Brothers, 1935, p. 402. 


Descriptive formula : Sn = P P , 2 P :: P q 

Legend: 

Su = The situation 
records 

P = a number of responders 

in each of 

Pt 2 P = 2 sex plurels, and their com- 
bination 

who show towards 
P = relatives of the same sex 

classified in 

lomment: 


: (It, ,T) Quantic number — 1 ;1 ;0;2 

r sibling 

| q = 3 kinship j cousin 

plurels 1 aunt-or- 

v uncle 

Ii = 3 indicants of intimacy 

and 

,T = an age ' discrepancy is also 
stated. 


Interrelations being, by definition in S-theory, a stimulus-response type, it is 
re intimacy indices and not the age difference that calls for an analysis into 
'oss-classified plurels with a quantic of F\ Compare with S. 6, Ch. IX, where 
le age differences between husbands and wives were analyzed as a distribution 
; a temporal characteristic and not an interrelation of parties. 
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S. 12 


Gable Capacity 
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Chronological Age 

This graph illustrates two researches. It shows, first, the com- 
parative growth of brain size in cubic centimeters for the two sexes, 
as shown by measurements on several thousand primary, second- 
ary, and university students. Secondly, it shows comparative 
brain development in Australian Aborigines, three classes of defec- 
tives, and university men. Figures in all cases are only approximate, 
since measurements on living persons are subject to a considerable 
margin of error. From S. D. Porteus and M. E. Babcock, Tempera- 
ment and Race , Richard G. Badger, 1926, by permission. 


Ref.: H ankins , F. H., An Introduction to the Study of Society, Mac mill a n , 1928, p. 637. 
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Descriptive formula : S 12 
Legend : 

S 12 = The situation 

records 
for each of 

P p = 2 sexes, 

, = with which are compared 


[Pt.V 

Quantic number = 1 ;0 ;3 ;1 

| q = 5 special plurels 

for all 

tT 41 = ages of life 
L 3 = the cc. of brain capacity 


THE TIME SECTOR, JT 
= P p>q : tT - 1 : L 3 


V. NOTES 

1. As usual, an index with a zero exponent and a zero descript does not affect 
the situation and is called a nul index. 

T° 0 = 1 = the nul temporal index, | s = 0 ;i ;1 ;p (Eq. la, Ch. IX) 

For a situation on a particular date, i.e., at a specified point of time, the 
singular date script is used : 

'T° = a specified date, | s = 0 ;i d ;p (Eq. lb, Ch. IX) 

A situation involving an aggregation of dates which are not in sequence is 
symbolized by the plural date script and zero exponent : 

tr r° = an aggregation of dates not in sequence, | 8 = 0 ;i ;1 ;p (Eq. lc, Ch. IX) 

Since the class-interval script denotes a period or an extension of time, it is 
incompatible with a zero exponent. 

2 . The standardized symbols combining these exponents and the common 
descripts may be noted by the advanced student who desires a mastery of the 
S-symbolism, sufficient for writing formulae for himself. These footnotes may 
be ignored by the reader who simply desires a recognition knowledge to follow 
analyses which are verbalized in their accompanying legends. 

,T+ l = a specified duration, a particular named period (Eq. 2b, Ch. IX) 

t T +1 = a series of successive durations, such as ages (Eq. 2c, Ch. IX) 

T+ 1 = a duration, or age, of some specified kind of thing (this descript is 
understood to be present, even if it is not written) (Eq. 2d, Ch. IX) 
= I^Tq 1 = the implicit attribute-time product, a qualitative character- 
istic times a pure duration of it (Eq. 2e, Ch. IX) 

' : zT 4-1 = a duration between a specified initial and terminal date 

(Eq. 2f, Ch. EX) 

XIT -1 ) = the velocity of change in I in a specified or named period, ,|. I is a 
dynamic index, i.e., acts, events, happenings over a period (including 
income and expense) (Eq. 3b, Ch. IX) 

t (IT~i) = the velocities of change in I in each of t [ periods, the amount of I 
per period for t J periods (Eq. 3c, Ch. IX) 

t T~ l : I = the velocities of change in a non-dynamic index, I, between successive 
dates, *| in number (Eq. 3d, Ch. EX) 
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tT -1 : 1 = the velocities, for each of t | periods, of change in a non-dynamic in- 
dex. This states for an aggregation of t | successive periods, the amount 
of the change in the index, I, per period, T -1 (Eq. 3e, Ch. IX) 
,T -1 1 1 — ,T~ X I = a velocity in a specified period. The colon becomes unneces- 
sary in the singular case. It denotes in an aggregation, or a 
series, that for each period there is a corresponding amount 
of change. But for one period, “a change corresponding to 
one period” is the same as “a change in one period,” or as 
“a change per that period” (Eq. 3f, Ch. IX) 

3 . Again the advanced student should note the commoner patterns of ac- 
celeration formulae which result from the standard meanings of the four scripts 
in their singular and plural forms, with the operational symbols relating them 
together. 

tT -1 : (IT -1 ) = accelerations in each of t| successive periods in a dynamic 

| s = 8 ;i ;1 ;p index (events per unit of time) (Eq. 4b, Ch. IX) 

,T -1 : U T -1 : 1 = the acceleration in a particular period, ,|, of the velocities of 

change in u | subperiods of a static index (amounts on a given 
| 8 = 8 ;i ;1 ;p date, i.e., observable at an instant of time, not requiring a 

period in which to be cumulated) (Eq. 4c, Ch. IX) 

The chief complexities that are likely to occur are in combinations of accelera- 
tions with durations of some per capita index and when, further, the time 
periods are irregular : 

t \ u'T -1 : a : vT +1 : (^PT -1 ^ = accelerations of a population rate distributed by 

age in several plurels (Eq. 4d, Ch. IX) 

| 8 = 81 ;0 ;0 ;1 = quantic number (cf. S. 42, 43, Ch. XI) 

This formula describes a complicated situation such as a death rate, % P, per 
month, ( % PT -1 ), in each of a number of plurels, | p . These rates are distributed 
by age periods, T +1 , the number of periods being v | . The age periods do not have 
equal intervals between their terminal dates, i.e., they have more than one dif- 
ference between initial dates, a |, and terminal dates, z |, among the periods. This 
plurality of dates is denoted in the script by the unprimed small letter denoting 
an aggregation. Finally these mortality-by-age distributions are repeated for a 
series of years, t | in number, subdivided into months, ;u |, between a single speci- 
fied date, '|, and a single specified terminal date, 

The quantic digit for an acceleration is 8. The complement from ten, of the 
exponent —2 is used (as noted above in Chapter II when presenting the stand- 
ardized notation) in order to avoid minus signs in the quantic number. This 
usage is comparable to the convention for writing the characteristic of a log- 
arithm. For the combination of an acceleration and a duration, the digits 8 
and 1 are used in the quantic number to denote the combination of what the 
digits 8 and 1 denote. 

The above descriptive formulae are useful for the usual societal data where 
change may go on in jumps and not necessarily in an even flow. Wherever the 
change is an even flow describable by the equation of some curve, the differen- 
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tial coefficients of Calculus provide a far more refined measure of velocity than 
the usual averages of statistical series : 

1 T 

(I) v = = a velocity, the differential coefficient of an indicant with respect 

to time (Eq. 5, Ch. IX) 

This states that velocity at any moment is the differential coefficient of the 
change with respect to time. Acceleration is given as : 

(I) A = = S (Eq. 6, Ch. LX) 

which is the second differential coefficient of the change with respect to time. 
(For a simple explanation of Calculus for unmathematical laymen, see Ref. 73.) 

4 . Another class of temporal phenomena is that denoted by a quantic digit 
of +2. This class comprises correlations between two series of durations, as 
when ages of husbands are cross-classified with ages of wives and with frequencies 
of such couples, or percentages of divorce, or fertility, or other indices, in the 
cells. See S. 9, Ch. XII for predictions of fertility from such a correlation matrix. 
See also S. 4, Ch. II, the length of unemployment cross-classified with ages, 
with consequent probabilities. Situations with a temporal exponent of two, 
whether plus or minus two, involve “ secondary” temporal indices. “ Secondary ” 
means a multiplicative repetition of the index, either in a scalar product, or in 
an ordinary arithmetic product in a numerator or denominator : 

T' 2 ! = T +2 , T~ 2 = a secondary temporal index (Eq. 7, Ch. IX) 

5 . This formula in generalized form for any descripts is : 

I s °Tg = T 3 (Eq. 8b, Ch. IX) 

6 . Our conception of time is the usual solar time marked by annual and daily 
cycles of the sun and earth, and arbitrarily subdivided into hours, etc., by clocks. 
All sorts of units of time are possible, from vaguely delimited ones such as “2 
cigarette smokes” or “an aeon,” or “infancy, childhood, adolescence, adult- 
hood,” to precise ones such as minutes and light years. All these are intercon- 
vertible and can be re-expressed in solar units of time (within limits of accur- 
acy proportionate to the constancy of the unit used). S-theory does not deal 
with non-scientific concepts of time, such as Bergson’s concept of an unfolding 
of possibilities with no notion of an extension capable of being expressed either 
in cardinal units as a multiple of some standardized extension, or in ordinal 
units as a series of events in sequence. 

7 . These variants of the period script are shown in the following formulae : 

t n *. vT = a hierarchy of time periods ; time divided into t l periods, each sub- 
divided into u] periods, and each further subdivided into v | periods 
(See S. 1, Ch. IX) (Eq. 9a, Ch. IX) 

t,*T = a duration subdivided into 2 alternative sets of units, or 2 sets of 
simultaneous periods (Eq. 9b, Ch. IX) 
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8. The standardized notation of the date script may be noted by the advanced 
student. (See Eqs. lb, lc, 2e, 3d, 4d, Ch. IX.) In addition to these, there are : 

■JT + 1 = an aggregation of periods not in sequence, i.e., each period having 
limiting dates corresponding to it. The periods may be overlapping, 
or may be in sequence but non-consecutive (Eq. 10, Ch. IX) 
°T° = the present moment (Eq. 11a, Ch. IX) 

/_0 T +1 = the past, an initial date up to the present (Eq. lib, Ch. IX) 
z "°T + i = the future, the present date on to a terminal date 

(Eq. 11c, Ch. IX) 

a-ox+i : P = a distribution of people by age, i.e., from birth dates to a common 
* present (Eq. lid, Ch. IX) 

a_ JT +1 : P = a distribution of people by longevity, i.e., from varying birth dates 
on to varying dates of death, the differences being grouped into 
equal class-intervals, t | in number (Eq. lie, Ch. IX) 

9 . The geometric interpretation of temporal dimensions is very simple. The 
class script denotes the number of temporal vectors — usually only one and 
seldom exceeding two — in one S-situation. The period script denotes line sects ; 
and the date script denotes points on a temporal vector. Negative exponents 
denote division by a duration, in order to alter the units of an index to units 
per period. Since division of a vector by a vector is ambiguous, division of 
vectors is ruled out in mathematics. (Tensor theory, however, develops a form 
of vectorial division with special rules.) Quantities which are divisors must, 
therefore, Be considered as scalar quantities and not as vectors. Hence T, with 
a negative exponent, is not a vector but a scalar, it merely alters the scalar units 
of the dividend vector. In sum, the general vectorial formula (Eq. 51, Ch. II) 
for a sector in S-theory holds as well for the temporal sector, as for any other. 

10 . Since more boys are conceived than girls, the ratio starts as larger than 1, 
but due to greater male mortality, drops to about 105 boys to 100 girls at birth 
and continues dropping to equality of the sexes usually by adulthood, and to an 
excess of females in old age. The rough linear relation above assumes a life 
span (T) of 70 years, a birth ratio of 1.05, and a final ratio of .95. Variations 
from this line are asserted in the dot which denotes a tendency to covary, a 
correlation, i.e., the sex ratio at any age subtracted from the sex ratio at birth 
and multiplied by 700, tends to equal that age. 700 (1.05 — ratio at age T) = iT. 

11 . The principle as stated in Eq. 14 is a tautology and not an experimental 
finding or a metaphysical assumption. By defining a standard error as a stand- 
ard deviation of the differentials of an index, the standard error necessarily 
varies as the square root of P, since it contains the root of P in its formula : 

"(I) = Vsaf/P = V2af(P~s) (Eq. 14b, Ch. IX) 

In deriving any formula for the standard error of any index, the procedure 
is to take the differential of the index by the rules of Calculus and consider this 
tiny deviation as a random fluctuation. These differentials are squared, summed, 
and divided by n (the number of samples), and the square root is taken to find 
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the standard deviation of these random fluctuations, or tiny errors, in a very 
large number of samples. 

The experimental verification comes in at this point in the finding that the 
standard error thus derived by formula agrees closely with the standard devia- 
tion derived by computing the values of the index, if that index is actually re- 
determined from a large number of random samples of the same size. Barring 
observational errors (which are to be distinguished from sampling error) the 
residual, small, numerous errors, whose aggregate is called chance, are empiri- 
cally found to be Gaussian, i.e., normal in their distribution, so that the standard 
error formulae furnish a satisfactory measure of the precision of the observed 
index, as far as sampling error is concerned. For a lucid and brief exposition of 
the theory of sampling error see Ref. 64, Ch. XVII, 

12. For some highly developed examples of such indicators of culture com- 
plexes see the schedules for measuring rural hygiene, socio-economic status, 
public health departmental efficiency, the excellence of cities, in such references 
as 2, 12, 40, 76. 

At the other extreme, for a simple situation of durations of qualitative at- 
tributes, consider such a quotation from the current press as : “Go to school to 
the age of eighteen, work from eighteen to sixty-five, retire and rest after sixty- 
five — that is the formula for solving the problem of unemployment as Presi- 
dent Roosevelt enunciated it to the Young Democrats at Baltimore . . . ” 
(Ref. 8) ... 1° : T+ 1 where j i = 3 school, work, and retirement 

13. For a concise resume see Appendices I and II. These give : 

1. A glossary of terms and symbols. 

2. Rules for writing S-formulae. With these the analyst is told what to do or 
look for, first, second, third, etc., until the recorded situation is symbolized 
in a descriptive formula and classified by its quantic number. This is an 
attempt towards providing operational definitions of S-theory concepts. 

14 . Some other common patterns of Brief-S formulae are : 

“Full” “Brief” 

P P : (I) = P (I) = a list of indices; for each person, p|, a value of the 

index is stated (Eq. 21, Ch. IX) 

tT* 1 : P = t P = a population pyramid, i.e., for each class-interval of 

time, t |, there is a corresponding population 

(Eq. 22, Ch. IX) 

il : : jl : P = i -. -.jP = a correlation scattergram (Eq. 23, Ch. IX) 

IT -1 =» I,/ t = a velocity ; an indicator divided by time 

(Eq. 24, Ch. IX) 

' : rT" 1 : (IT" 1 ) = I ,/tt = acceleration ; an index divided by time squared, in a 

series of periods (Eq. 25, Ch. IX) 

tT* 1 : ^ P PT -1 = t/ar c pP = death rates by ages (Eq. 26, Ch. IX) 

P P : : P P : I = p : : P I = the interrelations of P persons with each other 

(Eq. 27, Ch. IX) 

(PL” 2 ) = P,/n = densities ; persons per unit of area 


(Eq. 28, Ch. IX) 
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15 . In the Brief-S formulae note the product of a quality and a quantity. 
Thus in Eq. 19a, the | p - being singular is the quality “male” with no quantity 
asserted. L 3 is the pure number of cubic units which, multiplied by the implicit 
attribute denoted by the class script |, “cranial,” and divided by a second im- 
plicit product I?,L 3 = LJ, = cc. of “body,” becomes a ratio. The product of 
this ratio, L ?/,„ and | p », makes it the ratio for males, or the male ratio. An ad- 
jective modifying a noun is the usual verbal form of expressing the product of 
a quality and a quantity, or of an attribute and an index ( 15 ( 1 ) = (I,,)). (When 
the index is a dynamic one expressing action as in (IT -1 ), it is expressed in words 
as a verb, and its modifying quality, the attribute, may be an adverb.) 

Note that the plural descript denotes an aggregation in cross-scripting formulae 
also, so that in Eq. 17a there is a series of values of Lj>», there being t| items in 
the series, which are asserted to have a tendency to equal, item for corresponding 
item, the second series, t L p ^, each augmented by 60 cc. Alternatively, this 
paralleling of two series could be expressed as a high correlation coefficient be- 
tween them, (L|0 • (LJ#») > .5. For series of only a few items, however, a cor- 
relation coefficient is not legitimately calculable. 
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CHANGE , 1 T - 1 

L CLASSIFICATION OF SOCIETAL CHANGE 

All of the societal phenomena analyzed thus far in Chapters II 
through IX by means of the symbols of S-theory may undergo 
change in time. Accordingly, all the preceding chapters and their 
subtopics could be repeated in their dynamic aspects. Hitherto, 
the static aspects of these phenomena, represented by a point in 
the time dimensions, 2 have been sketched in confining the ex- 
position to the T° array of the quantic classification (see S. 33, 
Ch. II). The dynamic aspects, represented by the resultant vector 
compounded of a time vector and the vector of some other index, 
will be sketched in dealing with the T _1 array of that quantic 
solid. 


A. Some Definitions 

Before classifying the forms of societal change, a few distinc- 
tions may be useful between such overlapping concepts as, 
“change,” “process,” “growth,” “evolution,” “sequence,” 
“tempo,” and “velocity.” “Change” will be used as the most 
general term covering all forms of something-varying-in-time. 
A “process” will denote a distinctive form of change symbolized 
by some particular formula in S-notation. A process usually con- 
notes the more regular, continuous, and continuing change. 
“Progress” will denote a change desired by the population 
changing. It combines change with a value judgment as to its 
social desirability. By defining “progress” as change desired 
by the persons changing, it becomes objectively measurable by 
scientific technics. 3 Progress is thus relative to a group and date, 
and there are diversities of progress since there are conflicting 
desires between groups. “Progress” is the increasing of any posi- 
tive value, as described in the tension theory in Chapter Y. 
“Growth” is a change in a positive direction only, i.e., towards 

augmenting or increasing. Growth also connotes a life cycle of 
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the entity that is changing — a birth or beginning, a growth, a 
decline and death or cessation, in sequence. ‘‘Evolution” is de- 
fined more exactly below under the heading of compound processes. 
“Velocity” or “tempo” is the time rate of change, the ratio of 
the amount of change to the duration of the time in which it 
occurs, (I)T -1 . “Sequence” is the temporal order of events with- 
out necessarily having any continuity. In a change there is an 
intrinsic continuity, in that the entity changing is identifiable as 
that entity both before and after the change, whereas a sequence 
on three successive days of an earthquake, a birth, and a wedding, 
is not one but three changes, for there is no common entity run- 
ning through this sequence . 4 * For simplicity, the cross-scripted 
or Brief-S formulae will be used from now on. Each process will 
be defined by its symbolic formula and named, as far as possible, 
by some word which is current among sociologists at present and 
which most closely approximates the meaning of the algebraic 
symbols. Rigorous reasoning should be based on manipulating 
the symbols and the data they represent, and not on the “names” 
of these processes, since these names do not accurately define the 
processes. The names are used to help bridge the gap from familiar 
concepts to new ones. The new symbolized concepts are believed 
to be more objective, measurable, and therefore useful to science, 
but it is recognized that they are cryptic and at first forbidding 
to most readers. Hence the need of the more familiar terms as 
verbal crutches at first. 

In choosing the names of these processes, a compromise be- 
tween systematic regularity and current usage was adopted. 
Systematic regularity would call for a root word for each process 
with a prefix, such as “ad-” and “de-,” or “hyper-” and “hypo-,” 
to denote the direction of the process. In order to avoid neolo- 
gisms, this regularity has often been tempered to use more fa m iliar 
synonyms. Thus for the terms “increasing” and “decreasing” 
regularity would call for “creasing” = “accreasing” or “de- 
creasing” — which seem too unfamiliar at present. 

A further point on terminology is that the present active par- 
ticiple ending in “-ing” will be used to name processes, instead of 
the current nouns usually ending in “-tion.” Thus the terms 
“competing” and “associating” will be the names of the processes 

* For Eq. 1, Ch. X, see notes at end of chapter. 
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currently termed “ competition 77 and “association.” This ter- 
minology achieves two desiderata. It clearly denotes a process, 
an activity in time. It tends to avoid the “reifying fallacy,” by 
which when something is named people tend to make a “thing,” 
a noun, of it and forget that it is an acting, a verb. 

Our process-formulae and their names are looked upon as de- 
scriptions of forms of acting. They are not explanatory prin- 
ciples, except insofar as it may be found that a correlation and a 
time sequence exist between a process and some other phenom- 
enon which justify our saying that, with a specified probability, 
the phenomenon is a consequence of the process. 

In the second place, the participle permits distinguishing the 
process from the relationship of the parties involved in the process. 
The relation may often be static. Thus parties who are competing 
may be in an unchanging relationship of competition to each 
other. The noun form will be used hereafter to denote the rela- 
tionship, the participial form to denote the societal action or 
process. (Cf. Eubank’s two categories of “change” subdivided 
into “action” and “relationship,” Ref. 25, Ch. XIV.) 

B. Bases of Classification 

The phenomena of societal change may be systematized by 
using five bases of classification successively. The first basis is 
the degree of compounding of symbols by which changes are clas- 
sified into the single and the aggregated. A single change is one 
defined by a single index in the formula. A compound change is 
defined by an aggregation of indices — double, triple, etc., accord- 
ing to the number of indices in its formula. 

t (I), = a single process (Eq. 2a, Ch. X) 

t(I)i = an aggregated process (Eq. 2b, Ch. X) 

Single processes will be expounded first in sections II and III 
of this chapter, and then aggregated processes in section IV of 
this chapter. 

A second basis of classification is the sector . Under single 
changes : 

populational processes = t P p = “peopling” (Eq. 3a, Ch. X) 

indicatory processes = J* = “indexing” (Eq. 3b, Ch. X) 
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spatial processes = JL 1 = “spacing” (Eq. 3c, Ch. X) 

durational processes = t; T +t = “timing” (Eq. 3d, Ch. X) 

will be discussed in turn. 

A third basis of classification is a corollary of the preceding 
basis. It is the number of sectors that are combined. A binary 
term is a product of one index and T"* A ternary process is 
a product of change in two sectors (as IP-*T-* a per capita 
change, or T +1 PT~ 1 , a change of man-hours). A quaternary 
process is a product of change in three sectors (as in PT +1 L- 1 T“ 1 , 
man-days of labor per mile of roadway built per year) . A quinary 
process combines change in all four sectors. Binary processes will 
be called “simple,” ternary and higher processes will be called 
complex. Both are “single” in contrast to the aggregated 
processes. Section II of this chapter deals with the simple single 
processes, and section III with the complex single processes. 

A fourth basis of classification is the exponent , the degree of 
operational thoroughness with which the situation has been ob- 
served and developed. On this basis the index changing may be: 

nullary — with zero-degree exponents — 

qualities changing t (I°) (Eq. 4a, Ch. X) 

primary — with first-degree exponents — 

quantities changing t (P) (Eq. 4b, Ch. X) 

secondary — with second-degree exponents — 

relations changing t (I 2 ) (Eq. 4c, Ch. X) 

tertiary — with third-degree exponents — 

further relations changing t (I 3 ) (Eq. 4d, Ch. X) 

Within each sector the processes defined by the successive 
exponents will be expounded in turn. 

The fifth basis of classification is the direction of change within 
a dimension. Every process may go towards increasing or de- 
creasing whatever is changing. For uniformity, increasing will be 
denoted always as positive, and decreasing as negative, taking 
the initial date of observation as the zero point of reference. The 
Brief-S formulae are : 

t(I) = changes in any index in the series 

of periods, t T (Eq. 5a, Ch. X) 

+t(I) = increasing of any index in the 

series of periods, t T (Eq. 5b, Ch. X) 
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— t (I) - decreasing of any index in the 

series of periods, t T (Eq. oc, Ch. X) 

(I), /t = velocities of change in the series 

of periods, t T (Eq. 5d, Ch. X) 

These five bases of classification formally explore the deduc- 
tions from the basic matrix equation defining S-theory. They 
are offered as fitting a large part of current concepts and data in 
Sociology and in the social sciences more generally, and as serving 
to systematize them in an orderly framework. Other classifica- 
tions 5 of societal change will, of course, be needed for special 
purposes. Further extension of the bases here offered may be 
made, as in subclassifying the vast field of indicatory processes — 
perhaps in some such way as the classification of indicators by 
content offered in Chapter III. 

II. SINGLE PROCESSES, t (I), 

The single processes are those definable by a single index. If 
it is possible to describe the dynamic phenomena by a single 
index, that set of phenomena is defined as a single process. If 
more than one index is required, it is defined here as a compound 
process. The single processes may be conveniently subclassified 
by sectors beginning with the populational sector. 

A . Populational Processes, t P p = “Peopling” 

The populational processes are those in which the number of 
parties changes in some way in time. They will be subclassified 
according to the exponent as nullary ( t P°), primary (tP 1 )? or 
secondary ( t P 2 ), processes. 

1. Sociating, tP-sp = A Nullary Populational Process 

Whenever the plurels in a population are non-overlapping 
groups of one kind, increasing of their number is a measure of 
the process of “dissociating,” and decreasing of their number 
measures “associating,” as ordinarily understood by sociologists, 
for whenever the groups are definite, effective dissociation must 
increase their number. Merging of several corporations into one, 
federating of churches or of states, the membership of several 
unions being collected into one union alone, are examples of 
associating as defined here. The separation of Ulster and the 
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former Irish Free State, of the Northern and the Southern Bap- 
tists, of the old Standard Oil Company into the Standard Oil of 
New York, of New Jersey, etc., are examples of diss ociating. 
These processes may be symbolized as : 

— t|s P = “effective associating” (Eq. 6a, Ch. Xj 

+t|s P = “dissociating” (Eq. 6b, Ch. X) 

±th P = “sociating” = ± t (P 0 )s P (Eq. 6c, Ch. X) 

(See S. 2 and 10, Ch. X) 

where t |s P denotes the change in the number of groups (i.e., 
interacting plurels) with non-overlapping membership during the 
time T. These formulae measure the end result, the effective 
sociating, which cul m i n ates all the complex behavior tending 
towards sociating. The sociating situation can also be symbolized 
as a changing list or aggregation of plurels, t | P . This aggregative 
change is measured by the operation of counting the list, as sym- 
bolized by their sum, t |s p . The formulae for this process (as for 
most others in this chapter) were inductively derived by an anal- 
ysis of the essential properties of “association-dissociation,” as 
currently described in the sociological literature. The essential 
property, “change in the number of groups,” was then written 
in a formula by the usual rules of S-notation. It could also have 
been deductively derived. 6 * 

Any process may have its formula deduced from the basic 
S-theory equation by manipulating the scripts so as to consider 
any particular combination of scripts. New processes, not hitherto 
recorded in the sociological literature, may readily be derived 
and their properties stated as given by any unusual combination 
of scripts. Every equation and S-situation in this volume can be 
viewed as a deduction from the S-theory equation (Eq. 50, Ch. II), 

1. e., as a particular permutation and combination of its scripts 
and operators. In this sense the forms of all societal phenomena 
as expressed in S-symbols are deducible from a single equation. 

2. Populating, tP 1 = Primary Populational Processes 

Change in the numerical size of any population studied is sim- 
ply defined by: 

± t P = Populating 

* For Eqs. 7a— 8c, Ch. X, see notes at end of chapter. 


(Eq. 9a, Ch. X) 
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+ t P = Adpopulating (Eq. 9b, Ch. X) 

— t P = Depopulating (Eq. 9c, Ch. X) 7 

(See S. 10, 11, 12, 13, 34, 50, 51, and 55, Ch. X) 

This is simply the lengthening or shortening of the population 
dimension. “Adpopulating” and “depopulating” may serve as 
general terms where, in particular connotations for particular 
types of plurels, such terms are commonly used as : 


conscripting 

and discharging 

enlisting 

and deserting 

hiring 

and firing 

joining 

and leaving 

membership gains 

and membership 
losses 

births 

and deaths 

immigration. 

and emigration 

registering 

and striking out 

entering 

and going out 

including 

and eliminating 

enrolling 

and resigning 

conquering 

and losing 

matriculating 

and graduating 

marrying 

and divorcing 

adopting 

and disinheriting 

attracting clientele 

and losing clien- 
tele 

baptizing 

and excommuni- 
cating 

naturalizing 

and denationaliz- 
ing 

affirming allegiance 

and denying alle- 
giance 

embarking 

and disembarking 

signing in 

and signing out 


in a compulsory Army population 
in a voluntary Army population 
in a business population 
in a fraternal population 

in a membership population 
in a living population 
in a regional population 
in a recorded population 
in an attendance population 
in a sampled population 
in a voluntary registered population 
in a colonial population 
in a school population 
in a married population 
in a family population of two genera- 
tions 

in a patronage population 

in a church population 

in a national population 

in a religious or political population 

in a ship population 
in a hotel population 


and a host of other such terms. 

±tP, with the legend specifying what P is in the particular 
situation, states any and all of these processes. This illustrates 
a function of a systematic Sociology, namely, to describe phe- 
nomena in terms which are general to all the social disciplines, 
each of which may have its own forms of these phenomena and 
its own terms naming them. 

As with all primary processes, the presence of class scripts does 
not alter their nature. The fact that the population studied may 
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be divided up into many plurels, P p , or among many character- 
istics, Pi, makes no difference as long as the size of the total 
population is moving in one direction, upwards or downwards. 

Next, consider the pair of subprocesses defined by the tension 
theory of societal action outlined in Chapter V. One subprocess is 
delimited by the changing size of the population which desires a 
particular value, P V '- When its intensity of desire grows beyond 
the bounds of competition (for which see below), it breaks over 
into conflict. 

In conflict the opposed parties of the population, P, who desire 
a given desideratum, V, carry their striving for it to the point of 
trying to eliminate the opponent. The primitive case of conflict 
is where the caveman, finding his competitor for game so suc- 
cessful as to result in starving him, turns upon his competitor 
and tries to kill him. 

When competition for national aggrandizement becomes too 
acute, it breaks over into war, by attempting to depopulate the 
opposing armies or nations. Competition in sport turns into con- 
flict when, instead of struggling for exclusive possession of the 
desideratum desired by both parties, namely “victory,” the 
players start slugging and trying to cripple each other to eliminate 
opponents from activity in the realm of that desideratum. As 
means to the end of getting more of the desideratum, each party 
develops a supplementary desire to decrease the population of 
the opponent. If this is the distinguishing characteristic of con- 
flict, conflict may be defined by: 

— t Pv = conflicting (Eq. 10, Ch. X) 

(See S. 55, Ch. X) 

— t Pv is the decrease of the population that is struggling for 
the desiderata, V v . The population has decreased, regardless of 
which party suffered most in the mutual attempt to eliminate 
the other from that particular arena of conflict, from the field 
of one set of desiderata. For a rigorous definition to cover this 
means that whenever conflict exists, Eq. 10, Ch. X tends to be 
true, and conversely, whenever Eq. 10, Ch. X is true, conflict 
exists. “Tends to be” is inserted, as obviously actual slaughter 
may take time, as when a country mobilizes, or a Kentucky feuds- 
man stalks his enemy for months. Also, obviously people may die 
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from disease and accidents, making Eq. 10, Ch. X true, but here 
there is conflict with germs or physical forces as the opponents. 
“Eliminating” might be a convenient general term for either or 
both of human and non-human opponents. This theory, however, 
is only concerned with death, or elimination from effective oppo- 
sition in the field of some desideratum, which is caused by other 
people, for only this is societal conflict. 

The opposite of conflicting might be termed “recruiting,” 
+ t Pv, which is increasing the population defined by some de- 
sideratum, or set of desiderata. 

In genetic and regional plurels, such as nations, the most sig- 
nificant analysis of populating into its constituent plurels is to 
state it as the algebraic sum of births, deaths, immigrants, and 
emigrants. 

t P = JEV - tP* + tPi' - tPe' (Eq. 11, Ch. X) 

This equation is the basis of vital statistics. When corrected 
for the age and marital status composition of a population, it 
becomes the basis for prediction of population trends. (See S. 77, 
Ch. X; S. 1, Ch. XI; and S. 14, 19, Ch. XII.) 

Accordingly, as a nation is underpopulated or overpopulated 
in relation to its natural resources and its technology, it can adopt 
policies tending to control its populating by accelerating or de- 
celerating change of each constituent plurel. Thus birth rates 
can be decreased by disseminating contraceptive information, 
economic deterrents for large families, failing to provide mater- 
nity health facilities, etc., while increased birth rates can be 
achieved by national propaganda and pressures, which have been 
so effective in Nazi Germany. Death rates can be decreased by 
public health measures and education in hygiene and other ways, 
or increased by neglecting these, as well as by policies leading to 
warfare. Migration can be stopped by passport control, and 
other legislation and policing; it can be increased by economic 
incentives of subsidized travel, inducements of free land, low 
taxes, etc., as well as by persuasive propaganda attracting immi- 
grants, or coercive persecution expelling refugees. 

In fact, each of the constituents in Eq. 11, Ch. X could be 
analyzed into its subconstituents and so on towards reducing 
them all to measurable entities, which are largely under the con- 
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trol of human organizations. Thus deaths can be analyzed as 
the sums of deaths from each disease or cause in the International 
Classification of causes of death. Many of these can in turn be 
expressed as resultants of conditions subject to societal modifica- 
tion, such as the social formula for reducing deaths from typhoid, 
which is chiefly to isolate cases of typhoid, to inoculate everyone, 
and to purify sources of water and milk. Proportionately as 
these steps are taken vigorously, typhoid deaths tend to disap- 
pear. Similarly other causes of deaths can be and are being pro- 
gressively reduced, as the medical sciences discover their etiology, 
and society organizes to act on such knowledge. (See S. 62, 
Ch. X; S. 7 and 19, Ch. XI.) 

These remarks on the populating process may serve to suggest 
its modifiability in response to human desires. A more rigorous 
discussion of the valid principles in vital statistics, Eq. 11, Ch. X, 
may be found in Lundberg’s Foundations of Sociology , Chap- 
ter XI, where the causes and correlates of human reproduction 
are reviewed. 

3. Interacting, t P 2 = Secondary Poptjlational Processes 
a. General . 

The third type of populational processes is definable by an 
exponent of 2. This includes the dynamic aspect of all interre- 
lations studied in Chapter VII. Since those interrelations were 
limited by definition to relations of stimulus and response, active 
or suspended, their dynamic aspect is ^interacting.” 

t ( P:: P I p : : p) = interacting (Eq. 12a, Ch. X) 8 * 

(See S. 50, 51, 52, 56, and 57, Ch. X) 

The interacting processes might be classified, just as interrela- 
tions were, on the basis of content (sectors) or form (of the matrix 
surface). 9 This is, perhaps, the heart of the field of Sociology, 
but it has been so little developed as yet that no full discussion 
will be attempted here. Technics for measuring the interacting 
of parties and a detailed classification of interacting should prove 
a major field of sociological research. As partial evidence of the 
fruitfulness of this field for research, two types of interacting will 
be explored in more detail. They are interacting where the cell 

* For Eqs. 12b-c, Ch. X, see notes at end of chapter. 
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entries are people (P) and money (Im), in processes currently 
called “ mobility” and “the economic process/ 7 respectively. 
b. Mobility. 

The special case of populational interacting of groups which 
usually goes under the rubric of “mobility 77 will be elaborated 
from its static aspect as given in Eq. 7, Ch. VII. This involves 
the transfer of personnel between all pairs of - non-overlapping 
groups in a population. The complete matrix is : 



Pi 

Pi 

Pz 


Pz 

= (P p ::P p )T' 1 
= the mo- 
bility matrix 

— t,Pp :: P in 
Brief-S 

(Eq. 13 , Ch. X) 

1 

! 

1 

Pi 

+PuT -1 

— PnT-i 

P12T- 1 

P13T-1 


PizT' 1 

P 2 i 

1 

i 

P»iT -1 

-j-P 22T” -1 

-P22T- 1 

P»T-i 


PszT- 1 

P 3 

P 31 T - 1 

) 

P32T- 1 

4-P^T- 1 

-PjjT- 1 


PszT* 1 





i 


Pz 

PziT-* 

PzsT -1 

1 PzsT-i 

1 

1 

1 

[ 

l 

+PzzT-' 

-PzzT-i 


where the small letter descript, | p (rows), denotes the plurel losing 
personnel, and the capital letter descript , |p, (col umns ) denotes 
the plurel gaining personnel. The cell entries other than in the 
main diagonal denote the number of persons transferred. The 
cell entries in the main diagonal may be either : 

a. the number of persons leaving a plurel and returning to it 
again, P„ 

b. a s umm ary of the row and column totals for that plurel in 
the form of either the algebraic sum to measure net mobility, 
or the absolute sum to measure gross mobility. 

Net mobility measures the change in total number of members 
of a plurel, as in hiring and firing in a business, matriculating 
and graduating from a school, immigrating and emigrating from 
a region. Gross mobility measures the turnover, the total amount 
of adpopulating plus depopulating. Net mobility is the differ- 
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ence between the two populating processes, while gross mobility 
is their sum. 

To summarize the amount of mobility in an aggregation of 
plurels, the standard deviation of gains and losses can be built up 
into an index of mobility as follows : 

to 

(.5( %t 'P 2 )sp)’ 5 = Mb N = index of net mobility 

(Eq. 14a, Ch. X) 10 
(See S. 10, 11, 18, Ch. X) 

(. 5 p -1 (%t'P 2 ) 2 P )' 5 = Mb G = index of gross mobility 

(Eq. 14b, Ch. X) 10 * 

When the gains and losses are expressed as percentages of the 
initial population, their standard deviation in the p plurels (when 
expressed as a percentage of the standard deviation of the max- 
imum possible mobility) is this index, Mb N . Net mobility is zero 
when all plurels end up with the size of their populations un- 
changed; and net mobility is 100% when an initial monopoly 
by one plurel of all the population is reversed and ends up as a 
terminal monopoly of the membership by another plurel. This 
reversal of monopoly is the maximum possible mobility. 

Gross mobility is zero only when no persons have changed 
plurels, rises to 100% when the whole population changes plurels 
once on an average, and may rise above 100% if the wdiole popu- 
lation on an average changes plurels more than once in the period 
studied. 

Note that any gain or loss in the entire population studied is 
the populating process, and must first be subtracted, or elim- 
inated by using percentages in place of absolute numbers, in deter- 
mining the mobility which, by definition, is solely the redistribu- 
tion of persons between the plurels within the entire population 
that is selected for study. Populating is measured by a mean, the 
statistical first moment; mobility is measured by a sigma, derived 
from the statistical second moment. Hence mobility is termed a 
secondary process, while populating is a primary one. P opulating 
shows the movement of the whole population; mobility shows 
movements within the whole population studied. 11 f 

Special terms to differentiate mobility among groups of diverse 

* For Eqs. 15a-h, 14c, and 16a-b, Ch. X, see notes at end of chapter. 

t For Eqs. 17-21, Ch. X, see notes at end of chapter. 
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sorts are useful. Thus immigrating and emigrating refer to re- 
gional or geographic plurels. 12 * 

"Touring/' "commuting/ 7 “visiting/ 7 “ attending/ 7 etc., con- 
note more temporal migrating. “ Turnover 77 usually connotes 
employment groups. Then there are many vaguer terms in use, 
such as “ shifting clientele/ 7 “ fluctuating membership/ 7 “ variable 
attendance/ 7 and the like. (For some mobility situations see S. 8 
and 10, Ch. X.) These terms can be given precise operational def- 
initions whenever needed on the pattern of the index of mobility, 
c. The economic process, t M p::p . 

As another sample of the vast field of interactions awaiting 
exploration by more exact and powerful matrix technics, con- 
sider the economic process, which is an aggregation of all eco- 
nomic acts. This process can be systematically set forth in the 
usual “ interacting matrix 77 as follows: the matrix will be a fourth- 
degree one, that is, it has four plural descripts (| ss = 4). 

Let every buyer be listed as a column heading and every seller 
as a row heading. Completeness requires as many arrays (rows 
or columns) as there are parties in the population studied. Every 
cell contains an account during a specified period between the 
row and column pair of parties. The indicator in the cell is a 
monetary unit, M (more convenient than I M ). 

Usually the monetary exchanges (i.e., interactions of the 
parties) are considered during a period, and hence are velocities 
of the economic process. The matrix for one period and with a 
single indicator of exchanges, namely money, can be represented 
in a second-degree square matrix, thus: 


Buyers, Pp 


Sellers, 


1 

Pi 

P 2 

P i 


Pz 

1 

Pi 

dbt'Mn 

t'Mjs 

t'Ml3 


t'Miz 

p 2 

t'Msi 

zbt'Mss 



t'Msz 

p* 

t'Mn | 

i 

t'Mas 

i 

i 

rtt'Maa 

i 

1 

f 

• 

t'M3Z 



I 

I 




Pz 

t'Mzi j 

t'Mza 

t'Mza 


it'Mzz 


Direction of 
flow of money 


t'Mp : p in Brief-S 
P p :: P P : (ImT" 1 ) 

(Eq. 23a, Ch. X) 
I s = 9;1;0;2 (ss - 2 
the economic process, 
i.e., exchanging or in- 
teracting measured in 
monetary units 


Direction of flow of commodities 
* For Eqs. 22a-b, Ch. X, see notes at end of chapter. 
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If a series of periods is considered, the period subscript ( t '|) 
becomes a plural one ( t |) expanding the matrix to a third degree, 
which is visualizable as pages of an account book, each page being 
the matrix equation above. If, further, the record is to be kept 
separately for every commodity exchanged, the monetary indica- 
tor assumes a plural class script and the matrix is expanded in 
the fourth degree. This can be visualized as an account book for 
each commodity. 13 * 

In the matrix, money (which here includes gold, paper, credit 
documents, and all forms of media of exchange) flows vertically, 
up and down from row to row, from seller to seller, since by defi- 
nition a seller is a party who receives money and gives com- 
modities. Commodities, in the matrix representation, flow hor- 
izontally, left and right, from column to column, from buyer to 
buyer. 14 When all forms of exchangeable commodities are con- 
sidered, the row totals must balance the column totals, provided 
proper entries are made in the main diagonal cells. 

The monetary entries in the main diagonal cells are the heart 
of the economic process. Let a positive entry in the diagonal cell 
denote the total income to that party and a negative entry denote 
the total expenditures, while the algebraic sum is that party’s 
profit or loss in the period specified. 15 

The effort in a capitalistic economy is to have positive entries 
(in money terms) exceed negative entries, in order to make a 
profit. The positive entry in a diagonal cell is the sum of the row 
entries; the negative entry is the sum of the column entries. Thus, 
the balance in any diagonal cell equals the sum of that party’s 
row and column, which is the fundamental accounting equation 
of any business : 

(+tM) + (— tM) = db t M = accounting equation of business 

(Eq. 24, Ch. X) 

income — expenditure = profit or loss in each period of a 

series 

The point of this exposition of the exchange matrix is this 
hypothesis: every recorded set of economic data in the universe 
is a selection from, or a function of, this exchange matrix — the 
economic process symbolized in Eq. 23, Ch. X. This may be 

* For Eq. 23b, Ch. X, see notes at end of chapter. 
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called the “exchange matrix hypothesis.” It claims that every 
account kept by any business, every inventory, every financial 
statement, every tariff schedule, all economic statistics in short, 
are derived from this matrix equation. The author has not yet 
found any quantitatively recorded economic data that could not 
be so analyzed. 

For a few cases in evidence consider the following: 

1. A shopkeeper’s journal of sales and purchases is the aggre- 
gation of items, all of which are in his one diagonal cell in Eq. 23a, 
Ch. X (since here he does not keep a separate account for each 
buyer from him or each seller to him). This cell is expanded for 
I m , the | m different commodities exchanged and their prices I, 
and thus the cell, a zero-degree matrix, becomes an array, a first- 
degree matrix. If further, the situation S is defined as the journal 
for more than one day, then the I m array is further expanded in 
the time dimension, t T. Such a journal is a second-degree matrix 
of the itemized exchanges of one party for a series of periods. 
'P :: P 2p : t (IT-%. 

2. A national budget is but the statement of future expected 
revenues and expenditures of one national plurel for a period. 
P p , :: P P P : a: t(IT" 1 ) m where | p > = the Government. 

3. A table of imports and exports, such as S. 37, Ch. XI, is 
the rovr and column for one party in Eq. 23a, Ch. X expanded 
for a series of years and for subtypes of trade such as re-exports 
and transit trade. The indicators need not be monetary ones, as 
tons, bushels, yards, bales, carloads, percentages, index numbers, 
and other units may be substituted for I m . 

4. A large department store, where every sale is recorded by 
punching on a card the purchaser’s charge account, the identifica- 
tion of the salesgirl, the date, the commodity, and the price, may 
have its thousands of accounts balanced by means of a Hollerith 
tabulating machine within a few minutes after the afternoon’s 
closing hour. The tabulator can be set to summate the patrons’ 
accounts to date (Pp : ^Im ) ; or the salesgirl’s sales for the day 
(pT p : ITm x ), as the employees are one type of party who sell 
their services to the store; or the stock on hand of each inventoried 
class of commodity (*'1^ — ‘"Im); or the total sales for the day 
(IT~ 1 ) m . 

5. The economic subprocesses of economic competing, con- 
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flicting (bankrupting), co-operating, progressing, dissimilarizing 
(division of labor), associating (merging), and the rest, are all 
measured and defined by indices derived from the matrix Eq. 23, 
Ch. X. Thus competing is a sigma of the diagonal cells, meas- 
uring net gains and losses in relative standing of all the competing 
parties in a period. Thus conflicting is ehminating of competitors 
by bankruptcy and business failure, reducing the number of 
parties, | Sp . Co-operating is increasing the mean value produced, 

p 

2 (IT-i) M /p > Dissimilarizing is increasing the kinds of cornmod- 

i 

ities exchanged, +t| 2 m- Associating is merging, buying up, forming 
a holding company, or other forms of complete, or hierarchical, 
reduction in the number of competing parties without eli min ation 
of any, — t'bp. 

In concluding this discussion of the economic process, it is sub- 
mitted that the exchange matrix, Eq. 23, Ch. X, is a very in- 
clusive and exact mathematical representation of all economic 
exchanges, and a basis for derived data. It is a basis for all sum- 
maries and special economic analyses. By systematic varying of 
its scripts new forms of economic analysis can be deduced. The 
measurement of economic competition, to be expounded in the 
next section, is just one such possible deduction. 

In turn, this exchange matrix is but a special case where the 
indicators are monetary ones, or equivalents, of the more general 
interacting matrix, Eq. 12a, Ch. X. This, in turn, is but a par- 
ticular combination of the indices and scripts of the basic S-theory 
equation. Thus, again the S-theory is seen as a highly general 
formulation of societal phenomena from which the whole of such 
large fields as economic data 16 can be deductively derived as 
special cases. 

B. Indicatory Processes, t V = “Indexing” 

In this systematic exploration of processes defined by the four 
indices P, I, L, T, each in turn, the populational processes having 
been described, the indicatory processes will next be expounded. 
Sub classifying these again by their exponents yields nullary, pri- 
mary, secondary, and tertiary processes, each of which will be 
exposed in turn. 
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1. Differing and Similarizing, t I? = Ntillary Indicatory 
Processes 

The simplest process here is the qualitative changing of a 
characteristic. We say: “sweetness” has changed to “irrita- 
bility” in someone’s personality; the fashion in hats has shifted 
from style A to style B ; ice cream was substituted for pie as des- 
sert; the Swedish-speaking immigrants became English speaking; 
his concept of God developed from an anthropomorphic one to a 
system of supreme values; and an infinity of other changes in 
qualities or attributes. These are all symbolized by a change in 
an attribute, or a hierarchy of attributes, and may be called 
“differing”: 

t I? = “differing,” a changing quality (Eq. 25a, Ch. X) 17 * 

(See S. 20, 21, 22, 30, 35, Ch. X) 

Next in dealing with an aggregation of qualities, if the c han ge 
is towards greater similarity, i.e., converting them into fewer dis- 
tinguishable qualities, this process may be called “assimilarizing.” 
Its opposite is conventionally known as “differentiating,” but 
for uniformity of terms (as well as to avoid the mathematical 
connotation of differentiating in Calculus), the term “dissim- 
ilarizing” is suggested. 

=fctbi = “similarizing” (Eq. 26, Ch. X) 18 

= dissimilarizing and assimilarizing 

(See S. 10, 19, and 23, Ch. X) 

Thus in S. 23, Ch. X for each of the sixteen commodities listed, 
the Department of Commerce’s proposed reduction in the num- 
ber of styles manufactured represents an assimilarizing process 
for each of these sixteen qualitative characteristics. 

2. Indicating, J 1 , = Primary Indicatory Processes 

Probably the largest class of processes in the S-theory classifi- 
cation is that defined by a changing indicant. The variety of sub- 
processes here is enormous. For one suggestion of the extent of 
the field, consider the classification of indicators by content in 
Chapter III. The majority of societal processes described by 
sociologists to date seem to be reducible to subtypes of change in 

* For Eqs. 25b— f, Ch. X, see notes at end of chapter. 
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an indicator (or an aggregate of indicators), 19 * much of which 
is change in indicants. 

The most general process of significance for Psychology and 
Sociology alike is “behaving,” the behavior of a human being. 
Any observed unit, of behaving, a behavior pattern, can be sym- 
bolized in S-notation as an organized series of activities of a 
person by means of the formula : 

-P : t (I 0 ’ 1 , 2 T _:i )i; i; :z = p'Jj = behaving, a person’s 

(full formula) (Brief-S behavior (Eq. 29a, Ch. X) 

formula) pattern 

This asserts that for a typical person, p'j, there is a temporal 
series, t |, of aggregated and hierarchically organized, j i; j: — : z ( = j s ), 
activities, IT -1 , of qualitative, of quantitative, or of correlated 
types, | 0,1,2 (=|0* By deleting the prime and the underhning of 
the person script, the formula shifts from typical behavior to 
the behavior of each person in a distribution of individual dif- 
ferences (Eq. 29b, Ch. X). 

By shifting from the person script to the plurel script the for- 
mula describes the behaving of plurels, which is more completely 
in the field of Sociology. One form of the formula for a typical 
unit plurel observed on a series of dates now 7 becomes: 

pTs = a plurel’s behaving (Eq. 29c, Ch. X) 

To make the formula determinate, to substitute numbers and 
definite qualities for the generalized algebraic letters in a spec- 
ified behavior pattern, is the usual function of scientific observing. 
As always, a formula, as the word denotes, is a brief expression 
of the form of phenomena, leaving the particular content which 
has that form as a further subvariable. The task of psychological 
research upon any specified behavior pattern is to list the objec- 
tively distinguishable items of action (| i) , to discover their hier- 
archical organization into constituent patterns and more inclusive 
patterns (| s ), to determine these items qualitatively, then quanti- 
tatively if possible, then to determine their intercorrelations as 
far as observable (I 1 )* to repeat all this for the successive periods 
or phases of the total period of the pattern observed ( t |), and 
finally to specify the conditions in defining the typical person in 
whom this behavior pattern is observable ( p '|), as in classifying 
him as “normal or insane/’ “infant or adult/’ with such and 

* For Eqs. 27 - 28 , Ch. X, see notes at end of chapter. 
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such attitudes, or mental sets, i.e., implicit attributes, 1°, in the 
situation observed, etc. As always the formula is not a substi- 
tute for careful observing and devising instruments for observing. 
It merely expresses observations in formal, i.e., standardized or 
generalized, fashion, thus fulfilling the parsimony aim of science. 
It then enables comparisons, compounding, and further treat- 
ment, whether mathematical treatment in manipulating the sym- 
bols to discover new relationships, or applied logical treatment in 
deducing further specific behavior from a given formula. 

The formula, Eq. 29, in common with most formulae in this 
volume, can be considered as a methodological hypothesis. The 
hypothesis might be worded as, “This symbolic formulation 
of ... (‘a behavior pattern/ in this instance) can be a useful 
tool for more exact observing, generalizing, and relating the 
phenomena which it symbolizes.” This hypothesis will be dis- 
proved if, after fair trial, sociologists are unable to use it fruitfully; 
it w r ill be proved in proportion to their accumulating fruitful 
applications of the formula to data. 

Without attempting an exhaustive classification of indicating 
processes, a few which are of paramount importance to human 
beings because they deal with human desires and values (desid- 
erata), will be outlined as suggestions for further refinement. These 
are the three processes defined by change in the three indices of 
intensity of desire, desiderata, and tension (D, Y, and E) in the ten- 
sion theory, the static aspect of which was presented in Chapter V. 
a . Valuating , t D. 

The tension theory of societal action postulated that people 
desire desiderata, and, therefore, behave so as to increase the 
positively desired desiderata, and also so as to decrease the 
negatively desired ones. 

In Eq. 34, Ch. Y, PD = YE, a population (P), defined as those 
desiring a specified desideratum (i.e., object of desire) whose 
available amount is denoted by V, shows an average intensity of 
desire, D, for that value with a resulting societal tension, E, 
which is measured by the ratio PD /V. This is definitional ; the 
hypothesis built on these definitions is that societal tension thus 
defined tends to cause (i.e., correlates with on allowing for a time 
lag) societal actions relative to that desideratum. 

Consider the meaning of change in each of these defined quan- 
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tities: D, V, and E (which are symbols substituted for brevity 
for the indicants I D = average intensity of desire, I v = the avail- 
able quantity of the desideratum, and the index (I) E , the resulting 
tension). The intensity of desire for an object is a valuation of 
that object. Intensifying a desire may be termed “ evaluating ” ; 
its opposite, “ devaluating ”; and the pair, “valuating.” 

±t( Sp lD)/P = ±tD = valuating, change of average intensity of 

desire (Eq. 30, Ch. X) 

(See S. 10, 32, 42, Ch. X) 


As will be developed more fully in Chapter XI on Forces, this 
process of intensifying human desires is the chief type of societal 
force, the cause of human behavior. Its subvarieties are a major 
part of the field of Psychology, as suggested in such concepts as 
“drives,” “motivation,” “urges,” “emotions,” “glands,” and 
other topics underlying the dynamics of behavior. Desires in 
complexly conditioned structures are a large part of such con- 
cepts as sentiments, wishes, psychoanalytic complexes, ideals, 
and loyalties. As usual, the exact definition of this valuating 
process should not be expected in verbal terms of synonyms and 
description, but in operational terms of attitude tests and other 
scales with their manuals of instructions for administering them. 


Progressively, as such technics for measuring human desires in 
specific situations become developed, the valuating process and 
its subforms may be expected to become first determinate, and 
later, from accumulating knowledge of its correlations, increas- 
ingly predictable and controllable. 

One subprocess of devaluating occurs when the desires of the 
parties are mutually incompatible. This is “accommodating.” 
When a conquered people as in Abyssinia cease struggling against 
Italy and accept the inferior status, they are accommodating, i.e., 
devaluating the value of “independence,” which has proved in- 
compatible with the desire of the stronger conquerors. When 
their desires for independence increase again, evaluating that 
value is going on and tends toward an uprising. Accommodating 
may be one-sided devaluating, resulting in subordinate-superordi- 
nate statuses of the parties; or in mutual devaluating, as in com- 


promising with resultant equal status. 


— t D v:P ::p = “accommodating” (Eq. 31, Ch. X) 
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This states that intensity of desire, D, is decreasing (— D) in 
the series of periods, t |, among the interacting parties, | p:: p, with 
respect to a specified set of values, or desiderata, | v . 

In Economics this accommodating is made by the mechanism 
of the price rising (according to the marginal utility theory). As 
the price rises, some of those desiring the goods stop bidding, i.e., 
cease to be part of the economic demand. These persons find 
that their desire (or “ evaluation 7 7 ), measured by what they are 
willing and able to pay, has fallen below the price, and so they 
are no longer “in the market.” In social fields refugees entering 
a region, slum residents invading a superior residential district, 
foreigners and strangers in general, illustrate the accommodating 
process when incompatible desires are being reduced to a com- 
patible point, which is that point at which the available desiderata 
are enough for all those desiring them. Each limited desideratum 
is devaluated in the sense of having a lower worth assigned to it; 
it is less cared for than formerly. 

6. Grading , t V — Progressing and regressing . 

The enrichment of people with more of whatever are their 
desiderata is progress to them, and their impoverishment with 
loss of these desiderata, or increase of their negative desiderata, 
is regress to them. Such a definition of progress removes it from 
the realm of speculation or controversy and makes its determina- 
tion a matter of scientific fact finding. Technics to determine 
what a people want will define progress to that people at that 
time. This is the positive point of view of science rather than 
the normative point of view of ethics. Progress may vary be- 
tween plurels and periods, but with research the degree of uni- 
versality oi the characteristics composing it (the desiderata) can 
be progressively determined. 

Increase of a people’s desiderata may result from natural forces 
or from additional human effort. The former type may be called 

accumulating,” as in the formation of coal, forest growth from 
rainfall, and the spawning of fish in the sea. The other type 
where the intentional 20 interaction of people results in increasing 
a desideratum is the essence of “co-operating.” 

The opposite processes might be termed “decumulating,” 
where the desideratum is decreasing without human effort; “mal- 
operating,” where the desideratum is decreasing by means of 
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human effort; and “regressing,” where either or both of decurnu- 
lating or maloperating are going on. The process-pair, going in 
either direction, might be referred to by the roots “cum ula ting,” 
“operating,” and “grading.” 21 * 

±*V = grading (Eq. 34, Ch. X) 

= change in the amount of a desideratum (object of desire,) 
+tV = progressing (Eq. 34a, Ch. X) 

— t V = regressing (Eq. 34b, Ch. X) 

(See S. 10, 19, 25, 26, 32, 37, 40, 41, 43, 54, Ch. X) 

As the boundary between cumulating and operating is often 
hard to draw, a term such as “grading” for the combined process 
going in either direction is useful. 

Co-operating, like other processes, is seldom found in society 
in a pure and isolated state. Usually several processes co-exist. 
A single process is simply an abstraction used by sociologists as an 
element for analysis and understanding of the situation and chosen 
by reason of its being a significant, but observable and measur- 
able, characteristic in the total flux of societal development. 

An example of the co-existence of simple processes is the busi- 
ness system of capitalistic countries (a.d. 1938). Along with 
the competitive attempt to draw business away from the other 
fellow, this fear of losing as well as desire to gain is a strong incen- 
tive to co-operation as here defined, i.e., to produce more V for 
all. Thus auto manufacturers are partly competing, partly dis- 
sixnilarizing in offering diverse cars, partly accommodating in code 
agreements, and partly co-operating in producing more Y (auto- 
mobiles) for everyone to enjoy. 

The co-operation may be of varying extensity (even in the 
realm of one desideratum that is desired with a given intensity), 
depending on the proportion of the desideratum, Y, that is created 
by each person who is desiring and sharing it. Thus the co- 
operation is minimal when one person (such as an outside philan- 
thropist) creates something only slightly desired by the people; 
it is maximal when every one of the persons desiring it contributes 
to its creation. This is the momentum of co-operating, i.e., the 
rate of achievement of a desideratum, multiplied by the number 


♦For Eqs. 32-33, Ch. X, see notes at end of chapter. 
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of persons creating it, as defined later in this chapter in the section 
on complex single processes, 
c. Tensing 22 , t E. 

In the tension theory of societal action, equilibrium, E, was 
defined as being the ratio (in appropriate units) of the population 
times their average intensity of desire divided by the available 
quantity of the desideratum. E is thus the ratio of the total 
desire of a population for a desideratum to the amount of the 
desideratum available. In Economics it is the ratio of demand 
to supply (called the “ economic value” of the commodity). 
As this ratio increases, the disequilibration, or “ tension,” in- 
creases in that population in respect to that desideratum. Increas- 
ing tension may be termed “attensing.” As the ratio decreases, 
a process which may be termed equilibrating, or “detensing,” is 
going on. 

±t(PDV _1 ) = ± t E = tensing (Eq. 35, Ch. X) 23 * 

(See S. 10, 27, and 42, Ch. X) 

Thus the three conventional societal processes of “ conflicting,” 
“ accommodating,” and “ co-operating” emerge as subtypes of 
three processes which are by definition all on the one continuum 
of E, the societal tension in respect to specified desiderata. Tension 
will increase either as the average intensity of desire for the de- 
sideratum increases (+tD^), or as the per capita share of the 
desideratum decreases, because there are more sharers ( + t P v 0 
or less of the desideratum ( — t V) . Tension will be eased ( — t E), 
either as people desire the desideratum less intensely ( — t D v 0 
in accommodating, or as the per capita share of the limited desid- 
eratum increases through the outcome of conflict reducing the 
number of sharers ( — t P V ') , or through co-operating in creating 
more of the desideratum to be shared (+ t V). 

Tensing is defined and measured by Eq. 35, Ch. X. Our “ ten- 
sion hypothesis” is that this tensing is a psychological cause, 
conscious or unconscious, of behavior. In plurels it is that which 
produces societal action. In asserting a causal connection between 
our tension, E, and societal action, the three necessary and suffi- 
cient conditions of causation must hold: (1) tensing must precede 


* For Eqs. 35a— b and 36a~b, see notes at end of chapter. 
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the action to ease it; (2) there must be a correlation (in a given 
population, of course) between tensing and acting; and (3) the 
attendant conditions must be specified in some duplicatable form. 

An exhaustive examination of even the evidence available at 
present for testing this hypothesis will not be attempted here. 
It is a major research in itself. Only a few hints, suggesting the 
reasonableness of the hypothesis in order to interest others in 
exploring it, will be given in sketching roughly some current 
examples on an international scale. 

Consider the Sino-Japanese situation up to 1938. A growing 
population in Japan was increasing tension there faster than in- 
creasing industrialization could increase economic desiderata. 
Thus the per capita purchasing power, or average standard of 
living, of the Japanese citizenry is alleged to have declined. In- 
crease of P in Eq. 35 exceeded increase of V, resulting in increased 
E. Meanw hil e the imperialist ambitions expanded. The ruling 
classes, including business leaders, built up the popular intensity 
of desire for expansion on the mainland of Asia. As the press 
and military-dominated government increased D, E increased 
s till further, until a critical point was reached where conflict 
became the only way of easing the high tension. It was the only 
way remaining to the Japanese, when it is seen that neither tech- 
nology nor trade organization could ease the tension by increasing 
the economic desiderata adequately, and that for reasons of pres- 
tige they were unwilling to devaluate (i.e., to decrease) their im- 
perialist ambitions. Reasoning on the basis of Eq. 35 it may be 
predicted (in May, 1938) that the conflict will go on until termi- 
nated by one or more of the following factors : 

a. Large casualties (easing tension due to population pressure, 
plus setting up counter tensions towards peace, since the 
human fives destroyed are a desideratum to their families) 

(-*P T ) • ( — U E V ) = r > 0 (Eq. 37a, Ch. X) 

The equation states (in S-notation towards reducing the sym- 
bolized phenomena to measurement) that elimination of popula- 
tion tends towards detensing, i.e., they are positively correlated 
(r) after allowing for a time lag, as denoted by the periods t | being 
antecedent to the periods J. 
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b. ' Conquest of much of China (easing tension by increasing 
the desiderata, | v , desired by the Japanese) 

( +tV v ) • ( — u Ev) = r > 0 (Eq. 37b, Ch. X) 

This equation states that detensing tends to follow co-operating, 
i.e., that detensing correlates positively with the prior increase 
which is achieved in what are desiderata to the Japanese. 

c. Waning of imperialist enthusiasm (easing tension by de- 
creasing the intensity of desire for the desiderata at stake 
in the war) 

( — t D v ) • ( - u Ev) = r > 0 (Eq. 37c, Ch. X) 

This equation states that detensing (or equilibrating) tends to 
follow the devaluating of the desiderata which created the tension. 
This devaluating could conceivably come by choice of those in 
control to steer public opinion away from ambitions to expand, 
but it is more likely to come by the general growth of counter 
desires and tensions to stop casualties, heavy taxation, and war 
privations. 

These three factors include in general all the possibilities as 
revealed formally by Eq. 35b, or less formally by a common sense 
analysis. To predict which factors will be operative, and in what 
proportions, requires measurement of these factors in intricate 
' and complete systems, together with their recent trends for pro- 
jecting into the near future, to an extent that has not yet been 
achieved by social scientists or statesmen. Their crude subjective 
estimation, however, is all that statesmen have at present for 
guiding national polity. 

The function of the formal analysis in symbols is to facilitate 
the quantitative determination of the symbolized entities and 
their rigorous manipulation, and so increase society’s ability to 
predict and control its future. 

Consider next the Chinese situation. 24 The conflict was thrust 
upon them by Japanese demands and seizures which chiefly de- 
prived China of some of its desiderata, i.e., decreased V (“mal- 
operating”) and consequently increased tension in China 
(“attensing”). In 1931 China accommodated ( — t D v ) inthesimilar 
Manchukuo situation, but in 1937 not only was the loss of desid- 
erata greater, but the intensity of desire for it (JD) and for resist- 
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ing the Japanese at all costs had increased. The tension in 1937 
resulted in China’s preferring conflict to further accommodation 
as the means of easing the tension. 

For China the conflict may be expected to continue until : 

a. Lost territory is largely regained (easing tension by increas- 
ing the decreased desiderata) 

(+tV v ) • ( - U E V ) = r > 0 (Eq. 37d, Ch. X) 

This parallels Eq. 37b. 

or b. The desire to resist wanes (easing tension by accommo- 
dating to superior force) 

( — t D v ) • ( — U E V ) = r > 0 (Eq. 37e, Ch. X) 

This detensing through devaluating may be expected, if loss 
of life and of other desiderata and low probability of eventual 
victory set up counter tensions towards peace sufficient to pro- 
duce devaluating of the war objectives. 

Proportionately as Eq. 37c and e both take place a compromise 
peace will be the outcome, while if one goes on with less force 
than the other that party will be the victor in the w T ar. 

Other situations of international tension, whether eased by 
conflict, or treaties, or otherwise, may be similarly analyzed in 
terms of changes in the three independent factors, P, D, and V, 
and the resulting ratio, E. Industrial and interracial tensing, 
interreligious and domestic tensing, may be similarly analyzed 
towards increasing the precision of their observation and eventual 
control. 

At the lower limit when the population reduces to one person 
(P = 1), tensing becomes a process of individual psychology. 
Eq. 35 still holds whether for normal degrees of tension or abnor- 
mal tensions which are eased in paranoiac delusions and other 
psychoses. If a person keeps his desires within a bridgeable inter- 
val of the available amount of the desideratum, his tension will 
spur him to act and strive to achieve. If he indulges in extreme 
desires, as in daydreaming fantasies of himself as ruler of the 
universe, the resulting tension is eased by ignoring reality and 
developing a stimulus-proof delusion of grandeur. If he desires 
little and happens to receive an amount of a desideratum in 
excess of his desires, tension sinks to zero. An easy-going South- 
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ern negro, accustomed to a low standard of living, will, if he 
chances to receive a windfall of money, stop work and lie around 
until it is consumed, and until hunger and other appetites revive 
tension in him and drive him to work again. 

A supply of the desideratum greatly in excess of the desire for 
it may even produce a negative tension, as the desire for more of 
the desideratum turns into aversion. Thus a well-fed person on 
being forced to eat more and more develops a temporary loathing 
for food. 

In sum, for the individual the tensions causing his behavior 
may be analyzed into: (a) inner states, including the deposits of 
previous experience, and (b) the external stimulus situation. 
These largely correspond to the aggregated subjective desires 
and more external desiderata, which Eq. 35 seeks to itemize 
towards determining each objectively and towards approaching 
a synthesis which will predict behavior more accurately than our 
present rough and ready, all-or-none, observations are apt to do. 
d. Von Wiese’s formula for a process, P = A X S. 

This process of tensing can be shown to correspond closely to 
Yon Wiese’s general formula for social actions (Ref. 78, pp. 174- 
176). Disclaiming mathematical exactitude, he suggests that 
“ every social process (P in his notation) is the resultant (‘prod- 
uct’) of a personal attitude (A) and a situation (S).” 

P = A X S (Eq. 38a, Ch. X) 

His “personal attitude” includes the intensity of desire, D, 
in the tension theory as one aspect of attitude; his “situation” 
includes the amount of the desideratum, V, as a part of the situa- 
tion. The tension E, defined as the ratio of the intensity of desire 
of all the plurel observed to the desideratum, E = PDY -1 , is a 
ratio of a part of his concept of “attitude” to a part of his concept 
of “situation.” The tension hypothesis comes in here to link the 
tension with societal action in the causal relation symbolized as: 

*E/ • u (I)r? = r > 0 the tension hypothesis (Eq. 39, Ch. X) 

This equation asserts the hypothesis (?) that a series of prior 
Pj) tensings correlates positively (r > 0) with an index of subse- 
quent ( u |) societal actions (I) of some specified type (|/). As these 
tensings are a ratio of measured desires and desiderata, they 



Ch. X] 


CHANGE , 1 T " 1 


555 


cannot be expected to correlate perfectly with the societal actions 
of which they may be only a partial cause. The deficit from perfect 
correlation measures the remaining unknown causes of the societal 
action. In Von Wiese’s formulation, however, his more inclusive 
but unmeasured “attitudes” and “situation” are set- equal to 
the societal “process,” thus connoting a perfect correlation be- 
tween the attitude-situation product and the process. This seems 
a less realistic analysis of societal phenomena than the tension 
theory analysis in terms of measurable entities with proper allow- 
ance for their current imperfection. 25 * 

3. Reindicating, tl 2 , = Secondary Indicatory Processes 
a. Change of second moments. 

The primary indicatory processes, catalogued above, are defin- 
able as changes in the statistical first moment, the mean, includ- 
ing as its limiting case a change in a population of one, such as 
tensing in the case of one person. Next in the cataloguing come 
secondary indicatory processes. Here the aggregation of entities 
is always of more than one entity and the processes deal with 
internal movements within the aggregation. These are processes 
definable by change in the statistical second moment (see Eq. 9, 
Ch. V), from which fact these processes are here designated as 
“secondary” processes. 

The second moment has two forms according as an indicant 
is multiplied by itself giving the variance, or by another indicant 
giving the covariance (i.e., the cross-product moment). As the 
variance (and its square root which is the standard deviation) 
measures deviations and the covariance measures correlation, 
changes in these will be termed the processes of “redeviating” 
and of “recorrelating.” 26 These processes may be measured by 
changes in a standard deviation or a correlation coefficient respec- 
tively. 

t(I)i- 5 i = tl = “redeviating,” a sigma involving change in time 

(Eq. 41, Ch. X) 27 

t(»I)i-j = T = “recorrelating,” a correlation involving change 

(Eq. 42, Ch. X) 27 f 


* For Eqs. 38b, 40a-b, Ch. X, see notes at end of chapter, 
t For Eqs. 43a-b, 44a-b, Ch. X, see notes at end of chapter. 
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Each of these two processes subdivide into three subtypes which 
will next be described. 

5 . Redeviating, \I, or t l£ v 

There are at least three forms of the redeviating process, de- 
pending on how the standard deviation is calculated, and each 
form describes a definite type of dynamic societal phenomena. 
These will be called “ redispersing, ” “reordmating,” and “re- 
varying.” 

(1) Redispersing , =b “ Redispersing” will be the label for 

those processes defined by a change in the standard deviation 
of some index in a population. Thus the standard deviation of 
the incomes of employees may be made smaller in a process of 
equalizing incomes, or they may be made larger in a process of 
dispersing incomes. A school class may be selected so as to be 
fairly homogeneous, thus equalizing ability, or may have pupils 
who are of very unequal ability added to it, thus dispersing the 
ability of the class. 

A city may grow T by adding millionaires at one extreme and 
slum dwellers at the other, thus increasing the sigma of social 
status in a process of dispersing. A nation may abolish its titled 
nobility in a democratic revolution, thus decreasing the sigma of 
aristocratic status in a process of equalizing. If the spread between 
the rich and the poor is decreasing, as alleged under pure com- 
munism, equalizing is going on, while if the spread is increasing, 
as alleged under unrestricted capitalism, dispersing is going on. 

As neither the size of the population nor the mean wealth need 
be changing, there may be neither nullary nor primary processes 
going on. 

Redispersing indicates the change in the spread as, for example, 
from the highest ranks of an army or any organization to its 
lowest ranks. It expresses the changing degrees of hierarchy, or 
subordination-super ordination . 

Whatever the content, or societal characteristics which are dis- 
persed or equalized, the form of the process specified by a chang- 
ing sigma is the same in the above illustrations, and this is taken 
to define the process : 
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Redispersing = 


+t(°I) = “ dispersing/' the increase of the 
sigma of a characteristic 

(Eq. 45a, Ch. X) 
-tfl) — “equalizing/ 7 the decrease of the 
sigma (Eq. 45b, Ch. X) 28 

(See S. 55, Ch. X) 


As with other processes, the definition is based on the statistical 
form of the S-equation and applied to any societal content. Re- 
dispersing may be of income or intelligence, prestige or avoirdu- 
pois, or of any economic, political, religious, or other societal 
characteristic, in whatever I-units expressed. 29 

A process would usually have its content specified or under- 
stood from context, as in “ dispersing of income/ 7 “equalizing 
social status/ 7 etc. This definition by identical form of formula 
in no way implies identical relations of all dispersed “contents 77 
to other phenomena. Thus equalizing income need not correlate 
with the political party in pow r er simply because one party tends 
to equalize the tariff on commodities, while the other party does 
the reverse. Each “content 77 will have to be studied alone, just 
as Physics studies the velocities of different objects in relation to 
their other properties separately for each object. But the process 
is an operational definition of a common form of societal action. 
Given the formula, Eq. 45, different operators can calculate the 
sigma of given data and obtain identically the same thing de- 
fined — an amount of change in dispersion. 

(2) Reordinating , °(J)- The next subprocess of redeviating is 
“reordinating/ 7 defined as the sigma of changes of a character- 
istic in a population in one period : 


(tl)i'.i = ff (tl) = “reordinating/ 7 the sigma of changes (of one 

characteristic between two dates in one popula- 
tion) (Eq. 46a, Ch. X) 30 * 

(See S. 36, 39, 47, Ch. X) 


This is the sigma of a difference in time. 31 

The most important subform of reordinating is when the index 
is a desideratum, as this defines “competing/ 7 the process of 
competition. 


* For Eqs. 45c and 46b, Ch. X, see notes at end of chapter. 
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(a) Competing ( or “regrading”), Cp. The outstanding charac- 
teristic of competing is that each party wants to obtain a larger 
share of the limited desideratum, V, for which they compete. By 
as much as one competitor wins the other loses. Each customer 
gained by P is one less customer, whether actual or potential, 
for Q. Thus, Japan’s textile trade gains in South America are at 
the expense of other competitors. The victory of one football 
team is the defeat of the other. Each competitor strives for exclu- 
sive possession, or at least a larger share, of the limited desidera- 
tum, thereby displacing other competitors. This shift of some of 
the quantity of the desideratum from some competitors to others 
offers a way to measure, and so to define, competing. Let us then 
define effective competing during a period as the transferring of 
the desideratum from some competitors to others. The standard 
deviation of these gains and losses seems the best measure to sum- 
marize the extent of such transfers. (Note that the mean trans- 
fer is zero, as gains must equal losses by definition.) Any net gain 
or loss for the whole population measures the “progressing” or 
“regressing” process, as defined above, that has taken place in 
addition to the competing process. 

To illustrate the measurement of the process of effective com- 
peting consider the simple case of two competitors. In 1820, 
90% of United States foreign trade was carried in United States 
vessels, but only 10% was so carried in 1900, the rest being carried 
in foreign vessels, almost all British. 



Beginning 
of Period 

End of 
Period 

Gain or 

Square of 


'( 1880 ) 

(1900) 

Loss 

Difference 

First competitor’s V 

90% 

10% 

- 80 

1600 

Second competitor’s Y 

10% 

90% 

+ 80 

1600 




0 

3200 

Mean change =0 cv = i 

J 3 T - *o% 

= percentage of maximal competing 


The index of effective competing between the American and 
foreign marines in these eighty years was 80%. 32 This is 80% of 
the maximum possible intensity of the process of competing such 
as would exist when the initial monopoly of one competitor be- 
came the terminal monopoly of the other, yielding a <r of 100%. 
The minim um competing at the other limit would be 0%, as 
when all competitors end up with the same relative shares they 
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started with, so that no transfer of the desideratum would have 
taken place. 

This formula is general to any number of competitors, P, and 
a desideratum in any units which can be re-expressed as each 
competitor’s percentages of the total desideratum. Let V denote 
a competitor’s percentage. Let t V denote any change in that 
percentage, whether gain or loss, in the period T. Then the index 
of effective competing is : 

Cp = (.5 t 'Vfp) - 5 = the index of effective competing 

(Eq. 47a,* Ch. X) 
(See S. 10, 24, 40, 42, and 52, Ch. X) 

The summation here is either over the | p plurels or the p j per- 
sons, depending on which are the competitors in a specified situa- 
tion. This index is a percentage measure of the actual amount 
of shifting of the desideratum between competitors. The amount 
is taken as a percentage of the maximum possible amount of 
shifting. It is derived as a ratio of the standard deviation of the 
gains and losses of the competitors to the standard deviation of 
the situation where the initial monopoly of one competitor be- 
comes the terminal monopoly of another. 33 f 

“Competing” as defined above is “effective competing,” and 
must be distinguished from “causative competing.” It is meas- 
ured (as are all the processes in this chapter) by its effect. The 
intensity of competing is measured by the gains and losses that 
result. “Causative competing” is the effort put forth by com- 
petitors — which may or may not result in any effective com- 
peting — for intense efforts of competitors may cancel each other 
and result in no gains or losses, as often happens in advertising. 
Causative competing, though highly important, is less tangible 
and requires inventing special indices, such as the cost and area 
of advertising space, etc. Effective competing has the immense 
advantage for scientific purposes of being more readily measured. 
But the reader should clearly note that the effective competing 
(as with all the “effective” processes defined here) is only part 
of the phenomena of competition. In terms of the basic tension 
equation, Eq. 34, Ch. V (or Eq. 35, Ch. X), the causative com- 
peting would be reflected by E, the tension, for the tension in- 

* For Eqa. 47b-47d, see note 34 at end of chapter. 

t For Eqs. 47b-52, Ch. X, see notes at end of chapter. 
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creases, the competitive effort needed becomes greater, when the 
number of competitors increases, or their desires go up, or the 
desideratum becomes relatively scarcer. But the effective com- 
peting is defined as the actual redistributing of a given amount of 
a desideratum between the competitors. The possible amount of 
redistributing decreases as the number of competitors increases. 
As defined by these formulae, it can be proved that effective com- 
peting varies inversely with the number of competitors, while 
causative competing or tensing varies directly with the number 
of competitors. 

It should thus be evident that our competitive capitalistic eco- 
nomic system is only partially competitive. While each com- 
petitor is struggling to obtain as large a share of the desideratum 
for himself as he can, this causative competing (i.e., motivation 
or tension, E) makes him work to produce more of the desidera- 
tum, which is our definition of progress in its subform of effective 
co-operating, + t V Co - In the production of wealth (and other 
desiderata), its redistribution is a by-product, and a by-product 
controlled in varying degrees by governmental action to prevent 
its becoming monopolistic. The formulae proposed here enable 
the isolation of the competitive from the co-operative component 
in any situation where the desiderata involved are measurable 
(including the case of unitary qualitative desiderata). The co- 
operative component is measurable by the mean amount of 
change in the desideratum, the statistical first moment of changes 
(= 2t'V/P = M v ')j while the competitive component is measur- 
able by the redistribution of the desideratum, the statistical 
second moment of changes (2 t 'V 2 /P = <r^). 

(b) Revaluating . Reordinating processes may next be illustrated 
in the case where the index measures the intensity of desire of the 
persons, or of the plurels, in a population. This will be a sigma 
of changes in D in the tension theory (Eq. 34, Ch. V). For a 
simplified numerical illustration, consider the shifts of public 
opinion in the United States as measured by one of the successive 
polls before the presidential election of 1936. (Ref. 33.) 


January, 1936 

October, 1936 

Gains or losses = t D = 


Votes for Roosevelt 

60.8% 

59.2% 

- 1 . 6 % 


Votes for Other 
Candidates 
39.2% 

40.8% 

+1.6% El = 1.6% 
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According to these data the election campaign hardly affected 
the desires of the voters, as the net redistribution of valuation as 
measured by our index of “revaluating ” is only 1.6%. This 
index of devaluating” has the same form of formula as before, 
with the intensity of desire ( t 'D) substituted for the desideratum 
( t /V) and for the population ( %t 'P) in the formula for net mobility. 
As before, the revaluating index varies from zero to a maximum 
of 100%. It is the ratio (in percentage units) of the observed 
sigma to the maximum sigma. The maximum sigma would occur 
when all the population’s desire was initially concentrated on one 
desideratum and was finally transferred completely to another 
desideratum. 

Ill = (.52 t 'D 2 )* 5 = index of revaluating (Eq. 53a,* Ch. X) 

(See S. 10 and 18, Ch. X) 

The election illustration given above happens to be a versatile 
one, as it illustrates secondary processes of all the four factors in 
the tension equation (Eq. 34, Ch. V). The votes are a desideratum 
competed for by the Roosevelt and anti-Roosevelt parties; they 
also represent the net mobility of persons between the pro-Roose- 
velt to the anti-Roosevelt plurels; they also measure the shift in 
popularity, or relative intensities of desiring, between two desid- 
erata by the electorate; and finally, since in this situation the 
societal tension equals the average desire, the shift of votes meas- 
ures the relative u retensing,” or shift of tension, of the electorate 
towards the two camps. The votes happen to measure these four 
factors simultaneously in this situation, because the unit of de- 
sire in a democracy is defined as one vote and is identical with 
one person. The votes are the desideratum (V) competed for 
to the candidates; to the electorate each candidate is the unitary 
qualitative value, the intensity of desire (D) for whom is measured 
by the votes. 

Whether some quantity measures the quantity of a desideratum 
or the intensity of desire for it depends on the plurel relative to 
which the desideratum is defined. What is a desideratum to one 
plurel may not be such to another. The desideratum and the 
plurel and the desire can only be defined relatively to each other. 

Revaluating is here illustrated as between several desiderata; 


* For Eq. 53b, Ch. X, see note 34 at end of chapter. 
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but revaluating may also exist between several plurels with re- 
spect to one desideratum. Thus on revaluating between desiderata , 
the S in Eq. 53, Ch. X is over the v desiderata; while in revaluat- 
ing between plurels, the 3 in Eq. 53, Ch. X would be over the p 
plurels. 34 * The former expresses the relative shifting of popular- 
ity of various desiderata to one plurel; the latter expresses the 
relative shifting of popularity among various plurels with respect 
to one desideratum. 

(3) Revarying , Rv. The third type of redeviating process, after 
redispersing and reordinating, remains to be described. It is the 
process measured by the standard deviation of one characteristic 
observed in one population on a series of dates. If this character- 
istic is constant through the series of dates, its sigma will be zero 
and its stability will be maximal (for that period, of course). If 
the characteristic fluctuates in amount from date to date, its 
sigma measures this tendency to revary. 35 f 

This sigma varies from the lower limit of zero, where stability 
is greatest, upwards without any general upper limit as stability 
decreases. Thus, if the annual income of an institution fluctuates 
very little from year to year over a period of years, we say that 
that institution has financial stability. If the language of a people 
(such as the Turks under Kemal Ataturk) is officially dropping 
a considerable percentage of its words (because of Arabic and 
non-Turkish roots) in a long black-list every year and is adopting 
new words (based on Turkish roots), then that language during 
this period has been unstable. (About fifty percent of the vocabu- 
lary of the Turkish language in the official dictionaries is alleged 
to have changed in the two decades since the World War.) 

Heredity may be defined as a zero amount of revarying between 
generations. That trait is most purely hereditary which varies 
least in a series of generations. Traits that fluctuate in amount 
between generations are less purely hereditary, i.e., less stable. 
The stability may be due to the biological heredity in the germ 
plasm (preconception factors) or to cultural heredity of training 
and other environmental influences (postconception factors). 
Thus the Chinese skin color is biologically stable, while the 
Chinese language for many generations past has been culturally 


♦For Eqs. 54a-57e, Ch. X, see notes at end of chapter, 
t For Eq. 5Sa, Ch. X, see notes at end of chapter. 
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stable. Re varying is measurable in degrees and thus redefines 
heredity in more operational terms. Of course, it merely measures 
the degree of revarying, reflecting the gross influence of heredity, 
and does not analyze the mechanism of transmission from parents 
to offspring. 

Rv h = r ( t: P I) = revarying between generations, a measure of 

heredity (Eq. 58b, Ch. X) 

This Brief-S formula directs the operator to calculate the stand- 
ard deviation of an index observed on a series of dates (generation- 
time intervals, *|) to each of which there corresponds a number of 
persons (generation-plurels, :p j). This is a measure of the degree 
to which a given trait may be considered to be hereditary. (Of 
course, another equivalent index may be more suitable to a given 
situation than a sigma to measure stability, depending on the 
nature of the data and the investigator’s purpose). 36 

(c) Recorrelating, t J r . j. The three redeviating processes of re- 
dispersing, reordinating, and revarying are subforms of the second 
self-moment, or variance, entered in the main diagonal cells of 
the matrix Eq. 43, Ch. X. The “recorrelating” processes defined 
by the non-diagonal cell entries of Eq. 43 are to be studied next. 
These are the covariances, or cross-product moments. In vec- 
torial algebra they are the scalar products of two different vectors. 

There are four subforms of the recorrelating process (Eq. 42, 
Ch. X) which will be designated “recodispersing,” “reco-ordinat- 
ing,” “reranking,” and “reco varying.” 

(1) Recodispersing, Parallel to redispersing, which is 

the change of a sigma, is recodispersing, which is the change in 
time of a correlation coefficient of some kind. Both are changes 
in the second moment. 37 * 

Thus in S. 48, Ch. X the split-half reliability correlation of each 
of a set of intelligence tests was observed on one date and reob- 
served on another date at a second trial on those tests by the 
same population. Practice factors and longer periods for work 
tend here to increase the reliability correlations, to make the 
recodispersing positive. 38 f 

Recodispersing answers the questions, “Are two different quan- 
titative characteristics becoming more or less qualitatively alike 

* For Eq. 59, Ch. X, see notes at end of chapter, 
t For Eq. 60, Ch. X, see notes at end of chapter. 
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B 

as time passes? ” and “How much so?” In geometric terms 
where the size of an angle represents the degree of qualitative 
s imil arity; recodispersing measures the amount of change of the 
angle. Thus in S. 34, Ch. II the prediction of graduation standing 
from early academic record shows positive recodispersing as the 
academic record grows longer and graduation comes nearer. This 
is graphed as progressively smaller angles between the graduation 
vector and the vectors of progressively cumulating academic 
record. (See Chapter XII for fuller development of this principle 
that prediction correlations generally increase with immediacy 
of the events predicted.) 

(2) Reco-ordinaiing , *(* In addition to recodispersing, 
which is the change of a correlation, there is the correlation of 
changes which will be labeled “ reco-ordinating.” 39 * 

Changes may go on with different velocities as between different 
characteristics, or as between different plurels. This varies the 
pattern of their relationships. It alters their co-ordination and 
hence the term “reco-ordinating.” These phenomena in simplest 
forms are better known in the sociological literature by such 
terms as, “culture lead and lag.” But hitherto “lead and lag” 
have implied comparison of traits in pairs, whereas the correla- 
tion coefficient provides a summarizing measure for changes in 
more than a pair of traits, and thus reflects a changing 'pattern of 
culture traits more adequately. 

Consider first the simplest forms of culture lead and lag. This 
phrase means that some traits have developed faster than others 
and are observed to be ahead of those others, thus giving rise 
to strains and maladjustments in the observed culture. This is 
the dominant point of view of such a comprehensive study of 
change on a national scale as Recent Social Trends. 40 (Ref. 56.) 
The concepts of lead and lag imply that, beginning with a state 
of working equilibrium, or internally consistent culture, there 
follow changes of culture traits at differential velocities. Thus 
out of a working balance between government organization and 
transportation in the county system in the United States of a 
century ago, the more rapid development of the auto and other 
transportation in recent years has created a maladjustment be- 
cause county government organization has lagged behind, chang- 

* For Eqs, 61 a~b, Ch. X, see notes at end of chapter. 
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ing little, if at all. Since to decelerate the development of trans- 
portation is undesirable, the alternative is to accelerate change in 
the county government by associating counties together into 
larger units with consequent reduced overhead and taxation. 
Similarly the doctrine of national sovereignty worked satisfac- 
torily in days of states with little interdependence. But the rapid 
growth of transportation and communication, and economic and 
other interacting between nations has outstripped the slower de- 
velopment of effective international regulation. 

Such differential velocities of cultural changes may be sym- 
bolized by the velocities of an aggregation of indices of culture 
traits and complexes as follows : 


(I) i /t = inter-index lead and lag, or differential velocities of 
changes (Eq. 62a, Ch. X) 41 * 

But the concepts of lead and lag apply between plurels as 
well as between indicators. Thus in any given indicator of culture 
some peoples will be “advanced” and others “backward.” The 
illiterate masses of Asia and Africa lag behind the Scan dina vian 
countries in literacy. The West led the East in industriali zin g. 
Japan “modernized” more rapidly than China in the last century. 
Urban culture changes more rapidly than rural culture. General- 
izations such as these can be more exactly formulated in formulae 
which require exact specification of their qualitative and quanti- 
tative ingredients, such as: 


(I)] 


' P/t 

(in Brief-S 
notation) 


= T 1 : Pp : (I) = inter-plurel lead and lag 

(Eq. 62c, Ch. X) 


(in fuH 
notation) 


This asserts the velocity of change of some specified index cor- 
responding to each of | p plurels. With this formula as a basis the 
difference between any two plurels and its reliability 42 f may be 
stated and a host of relations can be quantitatively explored. 
Issues of invention versus diffusion of culture can be more pre- 
cisely investigated. 

Next consider lead and lag in more complicated patterns than 
a comparison of the two members of a pair. Suppose we wish to 
measure the relationship, the co-ordination of changes, in two 

dynamic characteristics such as birth rates and death rates in a 

* 

* For Eq. 62b, Ch. X, see notes at end of chapter, 
t For Eq. 63, Ch. X, see notes at end erf chapter. 
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series of plurels such as the 48 states of the United States. The 
correlation coefficient of such a pair of rates of change in a series 
of plurels measures the process of reco-ordinating (of two charac- 
teristics in one population of j P plurels). Another pattern might 
be to obtain the correlation between Protestant birth rates and 
Catholic birth rates in the 48 states in order to isolate religious 
and geographic components of birth rate phenomena. This corre- 
lation measures the process of reco-ordinating (of one character- 
istic in two populations of j p plurels). 

Further variants of reco-ordinating are possible. But enough 
has been suggested to make the student of Sociology aware that 
culture lead and lag may be analyzed in many different formal 
ways, of which three general types are : 

Change Measuring Index 

1. in a pair of characteristics in one plurel by a difference of 

in a pair of plurels in one characteristic indices (and its 

significance ratio) 

2. in many characteristics in one plurel by reordinating 

in many plurels on one characteristic tf ( t Ii or P ) and its 

standard error) 43 

3. in two characteristics in many plurels by reco-ordinating 

in two plurels in many subplurels (tI P )i* j or P '. P " (and 

its standard error) 

All of these six types are ordinating processes of various degrees 
of complexity and in various arrangements. They can measure 
the changing of the observed co-ordinations in a given culture 
and period. 

(3) Reranking , *'•*”/. A part of the reordinating process is 
reranking of the entities in a frequency distribution (the remain- 
ing part being a function of redispersing as shown exactly in 
Eq. 46b, Ch. X). In competing, the competitors become re- 
ranked (in respect to the amount of the desideratum competed 
for that each acquires), and the dispersion of the competitors 
may also change. In mobility, the plurels become reranked as to 
the size of their membership as well as becoming redispersed. This 
reranking process can be isolated ^y itself and measured as the 
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correlation between an index in a population on one date and that 
index on a later date. 44 * 

A reliability correlation determined by repetition of the meas- 
urement on two occasions is an example of reranking. 43 

Repetition of a race resulting in a changed ranking of the com- 
petitors is an instance of the reranking process. Shifting social 
status of occupational plurels is another example of reranking 
(though if the dispersion of status as measured on some scale 
also changes, the more inclusive process of reordinating has gone 
on). Shifting popularity of candidates for an election, especially 
if expressed in rank order, is another instance of rer ankin g 

(4) Recovarying, Correlation of Time Series. The fourth 

type of correlating process parallels re varying. It is the familiar 
correlation of two time series. Do the prices of commodity I 
tend to rise and fall with commodity K? Does the time curve of 
phenomenon I tend to parallel the time curve of phenomenon J? 
The tendency to align two time curves can be measured by a 
correlation coefficient which here is taken as defining a process, 
which for convenient identification will be labeled “recovarying” : 

Cl) x .j = “recovarying,” the correlation of two time series 

(Eq. 65, Ch. X) 
(See S. 27 and 28, Ch. X) 

This Brief-S formula asserts a correlation between two dif- 
ferent indices, | x and |j (each expressed in sigma units), observed 
on a series of dates. 46 All the time curves in the situations ap- 
pended to this chapter are examples of this recovarying process. 
(Unless their correlation is explicitly calculated, they are analyzed 
in the descriptive and quantic formula as aggregates of changing 
indices (T -1 : 1;), however, and not as correlated indices (T _1 I 2 ). 
This is because the function of the quantic formula is to state 
the operational degree to which the relationships within the situa- 
tion have been explicitly developed.) 

In concluding this exploration of secondary indicatory proc- 
esses 47 it may be noted that there are further types which have 
not been described here, as they are still of infrequent occurrence 
in the sociological literature. 

The indices defining processes (which are particular forms of 


* For Eqs. 64a-64b, Ch. X, see notes at end of chapter. 
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change in the total flux of societal on-going) are attempts towards 
standardized analysis of such societal patterns. Our standardized 
secondary indices analyzing certain aspects in defined situations 
of the total pattern of societal on-going may be summarized in 
the table below: 

REINDICATING = t P, THE SECONDARY INDICATORY PROCESSES 
= T^-.Sir/N = T-ip = 9;2;l,-p 

a scalar product, a second moment with change, change in an index to ' the quantic num- 

Brief-S notation Full-S notation N = v, i, p, P the second power, the ber 

quantic formula 


<r 

r 

Redeviating = t'(I)i.i = t'I 

Recorrelating = t'(«rl)i»j = t'IJ 

defined by change in (the square root 
of) a variance, a function of the self- 
moment, |lsl' 

defined by change in the covariance (in 
sigma units), a function of the cross- 
product moment, ]i*j# 

a. Redispersing — t'(Ii«i)* 5 = t'Grl) 

a. Recodispersing = t'Ww) = t'( r IJ) 

Dispersing = + (); Equalizing = — () 
Change of a cr 

Change of an r 

1 

b. Reordinating = ( t 'I)i«i = ^(t'l) 

b. Reco-ordinating = (o-t'I)i*j = r (t'IJ) 

A <r of changes, the dispersion of one 
dynamic index 

An r of changes, the correlation of 2 
dynamic indices 
b'. Reranking = (*' • t ' ( J-I) 

c. Revarying = pi)iii = ^(T) 

A c of a time series, i.e., the dispersion 
of an index on a series of dates 

The correlation of an index at one time 
with itself at another time 
c. Recovarying = (£I)i.j = r ( t IJ) 

A correlation of 2 time series 


The first formula after each process name is in Brief ~S notation; the second one is 
more conventional notation using the symbols cr and r. The first formula shows the 
calculational operations more explicitly and shows the parallelism of the redeviating 
and the recorrelating indices. 

Note that “ordinating” is a function of redispersing and reranking: 

Reordi rating is calculable by the formula for a sigma of a difference (in time). 

Reco-ordin ating is a calculable by the formula for a correlation of two differ- 
ences (in time). 


4. Skewing, t 'I 3 , = Tertiary Indicatory Processes 

Tertiary indicatory processes are defined as changes measured 
by the third statistical moment. The most common type is a 
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skewing which is a change in skewness and may be defined by a 
change in Sk of Eq. 10, Ch. V : 

T -1 : 2 ff I 3 P _1 = t'Sk = skewing (Eq. 66a, Ch. X) 48 

When the skewed index measures a desideratum, V, then nega- 
tive skewing measures the process of “ameliorating.” 

-t'Skv = “ameliorating,” negative skewing, or reducing positive 
skewness of desiderata 

(Eq. 66b, Ch. X; cf. Eq. 29, Ch. V) 

Thus when a government’s policy is towards redistribution of 
wealth by imposing more steeply progressive inheritance and 
income taxes, and reducing sales taxes or other taxes whose inci- 
dence is greatest on subaverage incomes, in addition to redis- 
persing a negative skewing process is going on, tending to reduce 
the positive skewness that normally exists in incomes. (See S. 20, 
Ch. XII.) 

This negative skewing of a distribution of a desideratum is 
“ameliorating.” It is reducing the socially undesirable extreme 
positive skewness (as of incomes). Wherever positive skewness 
is a negative desideratum to a population, there negative skewing 
is a positive desideratum and may be termed “ameliorating.” 
(See Chapter V for a further suggestion concerning amelioration.) 

Higher order processes measured by changes in the fourth mo- 
ment (change of kurtosis) and by higher moments can be defined 
when needed. 

5. SUMMARY Or THE INDICATORY PROCESSES, tP = INDEXING 

The large field of the indicatory processes may now be reviewed. 
These processes are what are measured by changes in indicators. 
An indicator is a human record of any characteristic of people or 
of their environment, other than time, space, and the number of 
people. Indicatory processes were classified by their exponents 
as shown in the successive statistical moments (Eqs. 7-11, Ch. V) 
of frequency distributions. These moments reflect the operational 
degree to which the data have been developed. 

Nullary processes deal with change in a quality and in the num- 
ber of qualities. Primary processes deal with change in a quantity 
and in the mean quantity. Secondary processes deal with change 
in the internal relations of the characteristics of a population — 
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either deviating on either side from a reference point, or corre- 
lating, which is deviating on either side of a reference line. Terti- 
ary processes deal further with internal relations, especially the 
symmetry of the deviating. 

These processes may be graphed as forms of movement of a 
multitude of societal entities which are the units of frequency 
(or the “distributed” units — cf. Chapter Y) of a frequency dis- 
tribution. These entities are usually persons or plurels (but may 
be dates or other indices or descripts). 

DIAGRAMS OF PROCESSES DEFINED BY STATISTICAL MOMENTS 

I. Nullary processes — zero-order moments, T -1 : 2l°P -1 
Change in frequency 



I 

The area under the curve changes, i.e., the population increases or decreases 

II. Primary processes — first-order moments, T -1 : 2l +1 P -1 
Change in mean 

P 

I 

The whole curve moves in one direction, i.e., the population increases or de- 
creases its mean characteristic 

III. Secondary processes — second-order moments, 

A. Change in sigma T" 1 : S d I 2 P“ l 

P 

I 

The curve moves in two directions from the center, i.e., the population is dis- 
persing from, or concentrating towards, the mean, 
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The scatter moves in two directions from the reference diagonal, i.e., the 
population is dispersing from, or contracting towards, the diagonal line 

IV. Tertiary processes — third-order moments, T _1 : S^PP -1 
Change in skewness 



The curve moves asymmetrically in one direction, i.e., the population increases 
on one side of the center 


Key: 

Arrows show the direction of movement of the population, P, with respect 
to the indicator, I, of the distributing characteristic. 


t' = curve at the time when the 
process starts 

t" = curve later in the process 

In IIIA Redeviating processes : 
Redispersing = change from t' to t" 
Reordinating = curve t' where I is 

Revaiying = curve t', where P is re- 
placed by dates, *T 


In IIIB Recorrelating processes : 

Recodispersing = change from t 7 to 

t" or t" to t' 

» 

Reco-ordinating = where I and J are 

dynamic, t I and J 
Reranking = scatter t', when J is l 'T 

Recovarying = scatter t 7 , where P is 

replaced by t T 

(Normality of curves is not assumed) 


In addition to the processes defined by a summarizing moment 
some changes of aggregates before they have been so summarized 
were discussed. 

All this means that, within a sector, the classification is based 
in large part on the statistical form of the societal change rather 
than on the societal content of the change. Processes are defined 
by frequencies, means, sigmas, and correlations, not by religious, 
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educational, economic, and other types of content. This principle 
is a corollary of the definition of Sociology stated in this volume, as 
the study of the “ general characteristics common to all classes 
of societal phenomena. 77 The content of change is more specific to 
the field of changing data, while the forms of change, according 
to the working hypothesis, are common to all the social sciences. 
In studying forms of change, those forms were chosen which can 
be operationally defined, for these can be communicated and 
duplicated and verified — essential requirements in building a 
science. The statistical forms, such as the formulae of this chap- 
ter, are operational definitions, 49 since they tell the operator what 
calculations he must perform to obtain what the formula defines. 
Any two competent operators, given the same recorded data, 
will then obtain the same means, sigmas, etc., and hence reach 
objective and complete agreement as to what the processes are 
they are studying. 

But the forms common to all societal phenomena are not exclu- 
sively statistical. Thus intensity of desire (D) and desiderata (V) 
and resulting psychological tensions (E) are highly general forms 
or characteristics in all the social sciences, and, as a start, these 
psychological forms have been combined with the statistical 
forms. The result has been that combinations and permutations 
of these forms, expressed in manipulating the scripts and opera- 
tional symbols of our basic S-equation (Chapter II), have yielded 
all the processes described in this chapter and many more. 
This theoretical formulation was found to fit all the 1500 
quantitatively recorded situations of societal change which 
have been found and analyzed to date, and also to fit a large body 
of current sociological concepts. Thus current concepts such as 
interaction, isolation, contact, mobility, conflict, accommodation, 
co-operation, competition, differentiation, association, progress, 
tension, and others in the rest of this chapter can be more 
exactly defined in operational terms by using the formulae of 
S-theory. 

It is expected that in each social science and subfield of it 
specific content may be combined with these general forms yield- 
ing subprocesses appropriate to that field. Thus the content of 
economic desiderata fitted into the form of “reordinating 77 yields 
an operational definition of “ economic competing. 77 
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C. Spatial Processes, t L l = “ Spacing ” 

Changes in populations and in indicators have been explored. 
Changes in physical space which are of societal reference will 
next be systematically explored. These spatial changes have a 
greater variety of forms owing to the four exponents of spatial 
indices. Since, however, these spatial processes are of less socio- 
logical significance than populational and indicatory processes, 
they will be discussed more summarily. 

Spatial processes may be classified on the basis of the operation 
of the exponent into four classes of “ spatial dimensioning/ 5 as 
changes of points, lines, areas, or volumes. 50 * To be societal 
processes as distinct from geometric or other non-societal proc- 
esses, the points, lines, areas, and volumes must be qualified, of 
course, by qualities of societal significance, as in identifying the 
points as homes in a city (S. 13, Ch. VIII), centers of population 
in a country (S. 58, Ch. X), etc.; or the lines as traffic routes 
(S. 23, Ch. VIII; S. 68, Ch. X), etc.; or the areas as neighbor- 
hoods (S. 4, Ch. VIII), zones with defined societal characteristics 
(S. 22, Ch. VIII), nations (S. 61, Ch. X), etc.; or the volumes, 
as water used per capita (S. 73, Ch. X), cranial capacity (S. 12, 
Ch. IX), etc. 51 

In the case of the space sector, unlike the other three sectors, 
any spatial index of change may have any one of the four ex- 
ponents and may then be further observed in a frequency distribu- 
tion. Societal situations often involve a collection of points, a 
collection of lines or areas, etc. As usual, the statistical moments 
of these frequency distributions may define further forms of 
change, which are called the processes of “spatial distributing.” 
Thus there are changes in the total frequency of the distribution, 
i.e., changes in the number of points, or in the number of lines, 
or in the number of areas. There are changes in the mean length 
of lines and in the mean size of areas and volumes. There are 
changes in the dispersion of lines, areas, and volumes. These are 
all defined by the moments representing a second operation of 
exponents upon the spatial indices. 

This double classification of spatial processes by two successive 
operations of the exponent may be clarified by a matrix cross- 
classifying them. 52 

* For Eqs. 67a-d, Ch. X, see notes at end of chapter. 
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In addition to the processes defined by these two successive 
operations of the exponents upon spatial indices, there are further 
changes of these indices in combination with other indices, P, I, T, 
and L again. 53 

Among these processes, populational densating, Eq. 67cP, is 
of greatest sociological significance. In the form of the ratio of 
persons-per-area it is labeled the “densing” process. It is the 
change of the man-land ratio, or the dynamic aspect of popula- 
tional density. 

t (PL~ 2 ) = “densing” 54 (Eq. 68, Ch. X) 

(= Eq. 67cl P/L) 

Densing may measure such current terms as : ruralizing, urban- 
izing and suburbanizing, settling, colonizing, depopulating, mi- 
grating, commuting-into-town, meeting, crowding, slum-clearing, 
housing, succession, invasion, and many other ecological con- 
cepts. These subforms are definable by the population, the area, 
and the period, involved in Eq. 68, Ch. X. 55 Closely correlated 
are such processes as industrializing, the prior changes from 
nomadic to settled, and from predominantly agricultural to com- 
mercial cultures. 

One other spatial process may be singled out for special com- 
ment. It is the reordinating form of rearealing, defined by a 
sigma of changes of areas. Thus when the map of Europe is 
redrawn by a Versailles Treaty, the sigma of the percentage gains 
and losses of area among the nations (including the newly created 
nations) is a remapping process with a formula 56 * identical in 
derivation to the formulae for competing, mobility, revaluating, 
etc. This formula expresses the degree of redistribution of terri- 
tory as a percentage of ma xim al redistribution, as would occur 
if an initial monopoly of the area of Europe held by one nation 
changed to a terminal monopoly by another nation. 

D . Durational Processes, t : T +t — “ Timing ” 

The simple processes involving the indicatory, populational, 
and spatial sectors have been outlined. There remain the processes 
involving durations — the change, during periods of one kind, of 
the length of periods of another kind. (The kind of period is 


* For Eq. 69, Ch. X, see notes at end of chapter. 
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specified as usual by the implicit attribute-time product, i.e., the 
condensing of the attribute's descripts identifying a quality into 
the temporal descripts on the time index. See Eq. 8, Ch. IX.) 

Only the two classes of durational processes defined by zero- 
order and first-order moments have been observed as yet in the 
literature of the social sciences, though second-order moments 
and other classes can be imaginatively described. These three 
classes are described by temporal exponents of 0, +1, and +2, 
and may be labeled “periodizing, 77 “durating, 77 and “redurating, 77 
respectively. 

1. Periodizing, t'( St T°), = Ntjllary Temporal Processes 

Events of a given kind may occur at a slow or fast tempo, few 
or many in a given period. The number of events, dates, or punc- 
tiform temporal phenomena, expressed by the date script, meas- 
ures a process which may be labeled as “ periodizing. 77 To “peri- 
odize 77 is defined by Webster as “to end. 77 Every event or date 
ends a time interval since the previous event or date. Periodizing, 
then, is ending time intervals and is measurable by counting the 
events of the type studied which occur in the total period that is 
observed. Thus the frequency of occasions in S. 52, Ch. X, on 
which Moreno's subjects of “spontaneity tests 77 expressed anger, 
fear, etc., towards a given person, is an example of such period- 
izing. This process is positive only — the number of dates can 
only increase and can never sink below zero. 57 * 

Differences in the number of events, i.e., in the amount of 
periodizing in each of two different periods, can be negative as 
well as positive, but this is a change in the velocity of the periodiz- 
ing process and is, therefore, of the order of an acceleration. 

The acceleration of this process is an important index of social 
forces. Thus in a situation where a government is combating 
lawlessness and guerilla warfare, the number of incidents (such 
as raids with casualties per period) measures from period to period 
whether the forces of law and order are gaining or losing. 

2. Durating, ttT 4 " 1 , = Primary Temporal Processes 

Durating is the changing of a simple duration of some kind. 
Its simplest form is a changing attribute-duration product. (See 

* For Eqs. 70a— b, Ch. X, see notes at end of chapter. 
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S. 83 and S. 85B, Ch. X.) Usually, however, a population is in- 
volved, implicitly or explicitly, in the situation. The commonest 
forms of durating are a changing life expectancy, or changing 
hours of work, study, or other use of time. 58 * 

3. Redurating, t : T +2 , = Secondary Temporal Processes 

All the secondary processes of redeviating and recorrelating 
and their subprocesses may occur among durations. Thus when 
the length of the working week is made more equal for all classes 
of employees, the durational equalizing process, — t (T), is going 
on, while if unemployment is making for greater inequality of 
duration of employment, the durational dispersing process, 
+t( <r T), is taking place. Durational revarying is measured by the 
sigma of durations, such as hours of sleep, observed on many 
dates. "When a timetable, schedule, or calendar, of past or future 
events is changed, this durational reordinating process ma y be 
termed “rescheduling.” The standard deviation of the time dif- 
ferences between the new and the old dates measures the am ount 
of rescheduling, just as competing, mobility, and other reordi- 
nating processes are measured. Rescheduling applies not only 
to the redistribution of time intervals within one overall period, 
but also to the redistribution of durations of any kind betw T een a 
set of persons or plurels or other entities. Thus revising a school 
curriculum, or reassigning the periods of use of any public institu- 
tion to various groups of patrons, may also be measured as a 
rescheduling process. 59 f 

Many a student will naturally ask, “What is the use of such 
detailed formal analysis of processes, in a situation in which a 
glance at a graph tells its story?” The answer is both theoretical 
and practical. From a practical viewpoint, executives require 
averages and other su mm arizing indices in order to maintain 
more exact control, especially as phenomena in their field become 
more complex and organized on a larger scale. The process names 
and indices defining them are standardized contributions to this 
need for the entire field of dynamic societal phenomena. From 
the viewpoint of theory, two points may be noted — the advan- 
tages of a standardized classification and a realistic approach to 
societal analysis. Classification is an essential step in b uildin g a 

* For Eqs. 71a-c, Ch. X, see notes at end of chapter. 

t For Eqs. 1 2—77, Ch. X, see notes at end of chapter. 



Ch. X] 


CHAN GE, 1 T" 1 


577 


science, in imposing conceptual order upon the chaos of raw 
phenomena. The classification of processes offered here is a clear- 
cut one based on Quantitatively observed data, organized bv 
means, sigmas, and correlation coefficients, etc. It is general to 
all the social sciences, thus having an applicability that is uni- 
versal to society. 

It is submitted in favor of the S-system of hypotheses that the 
approach to the analysis of the phenomena of society is a realistic 
one. It deals with data on a level where they can be objectively 
and reliably dealt with, and with data that are in constant, prac- 
tical, everyday use. Sociologists have been inclined to try to 
deal with somewhat nebulous and intangible processes which 
have attractive emotional and evaluative aspects, such as libera- 
tion, estrangement, anticipation, ossification, telesis, decadence, 
consciousness of kind, institutionalization, simulation. (See Ref. 
25, p. 44.) The description of these may prove eventually to be 
useful hypotheses. But at an early stage of development of a 
science, measurable processes such as our competing, mobility, 
rescheduling, and the like may be a more solid foundation to 
build upon by observing, relating, understanding, and increas- 
ingly predicting and controlling them in general and in differen- 
tial fashion for subforms of differing content. The phenomena 
measured by rescheduling, for example, are among the most 
important and widely used of any in life. Every person in plan- 
ning or implicitly expecting his day’s program of activities, every 
business or other human organization in arranging its activities 
ahead, is actually scheduling and rescheduling events and dura- 
tions between them. Dealing with these processes for which data 
are immediately at hand in measurable form, and which are 
socially important and widespread (though deficient in emo- 
tional and evaluative glamour), is what is meant in this volume 
by a realistic societal analysis. 

III. COMPLEX PROCESSES— MOMENTUM OF 

CHANGE , ft (I)P 

A. Definition and Examples 

Thus far in exploring the chief equations of change deducible 
from the basic S-theory equation, only the amount of a change 
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and the velocity of it have been considered. The societal momen- 
tum 60 of any change is to be considered next. 

When the third index, the population, is multiplied by the two 
indices of a velocity, the product is the momentum of a social 
change : 

(I)T -1 P = Mm = momentum of a societal change 

(Eq. 78a, Ch. X) 

This expresses the extensity of a change, the number of people 
who are changed (P), as well as the intensity or amount of the 
change (I), and its swiftness (T -1 ). A social movement may in- 
crease in momentum by increasing either its clientele or their rate 
of change. Thus the “ diffusion of culture” varies with the cul- 
ture complex (Ii), its rate of diffusion (T -1 I), and the size of the 
population (P) through whom it is diffused. As an example, the 
diffusion of missionary religious culture complexes such as Chris- 
tianity, Islam, Buddhism, and Bahaism can be studied: first 
considering the system of traits constituting each complex ; second 
considering the time taken to convert a people in different cen- 
turies; and third considering the number of people converted in 
different parts of the world. 

Momenta thus studied state, in a systematic way, effects more 
than causes. Causal analysis remains to be done to explain the 
observed momenta. But accurate knowledge of results is essen- 
tial in studying causes. 

Thus the necessary causal steps to be taken in any field, for 
example education, depend upon knowing the current momentum 
of the educational process. Its curricula and examinations define 
the kinds and amounts of change, Ii, to be achieved by the 
youth; their scheduling at successive age levels defines the average 
velocities; and the number of pupils in the nation completes the 
definition of the educational momenta of all kinds. 

Mm = tT" 1 : IP, (Eq. 78b, Ch. X) 

Society’s administrators in planning budgets, personnel, and 
policies or legislation, need to consider all three factors of momen- 
tum, separately and jointly. A joint index such as Mm makes 
comparable such movements as adult literacy campaigns, where 
literacy up to a defined standard (as a score of 'I in some reading 



Ch. X] 


CHANGER T' 1 


579 


test) may be produced twice as quickly among the masses of 
region P as in region Q, but which teaches only one third the 
population taught in region Q. In which of the two regions is a 
given outlay of funds more efficiently administered (assuming 
other factors equal)? The answer is: 


1.5 Mm P = AIiuq for 
/IPX / I X 3P X 

VT/p \1.5 X 2T / 


Q 


(Eq. 79a, Ch. X) 
(Eq. 79b, Ch. X) 


showing that the literacy momentum of region Q is 50% greater 
than in region P. Thus momentum, in controlling societal evolu- 
tion, provides a key concept for planning the national effort 
needed to achieve some goal such as complete literacy by a sched- 
uled date. 


B. Imitation 


Two important varieties of momenta, much discussed in socio- 
logical and psychological literature, are “imitation 77 and “social 
inheritance. 77 Imitation having aspects of amount, speed, and 
widespreadness comes under the definition of Aim with its inten- 
sity, protensity, and extensity factors ((I), T, and P). Imitation 
is momentum of a change coming over a plurel from another con- 
temporary plurel. The East imitates the European dress. The 
momentum in this case is measurable through surveys counting 
the proportion of an eastern native population that wears vary- 
ing numbers of standardized European items of dress replacing 
indigenous costumes (such as felt hats, no veils, coat, vest, long 
pressed trousers, etc.). A “Europeanization of dress 77 score could 
be readily worked out for the I and determined on sample popula- 
tions at two or more dates, yielding the index for this one type of 
momentum of intercultural interaction. 

For further and more rigorous evidence, exploring the use of 
S-theory to put hypotheses into a more exact form for testing out, 
Tarde 7 s hypotheses (often miscalled “laws of imitation 77 ) may be 
briefly restated as hypotheses in S-notation. 

Let: 

p P p = the population imitated 
Q P q = the population imitating 

I a = the culture complex (collection of I traits with any sub- 
classification) which is imitated 
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M If = another culture complex, \», reduced to a single mean score 
on a scale in which superiority and inferiority are imputed 
(see Ref. 15) 

Tarde’s first hypothesis (as quoted in Ref. 41, p. 240) is: 

1. ‘‘The inferior imitate the superior.” 

Stated in symbols this is: 

Mm s;q ? = T^IJEV where M (L P ) > M (I/ q ) 

(Eq. SO, Ch. X) 

As usual the question mark before the equality sign denotes 
an hypothesis, an equation still open to question and calling for 
an answer as to its truth. 

This equation may be expanded in words as: the momentum 
of change of the culture complex I s , in population P q >, is equal 
(according to this hypothesis) to the product of the increment 
in the indicants (of the culture complex derived from the superior 
group) and the population of the inferior group that is imitating, 
divided bv the time in which the imitation occurred. More 
briefly, the momentum is the velocity of imitating the superior 
group times the number of inferior people imitating. The Mm- 
units are indicant-persons-per-time units. 

For verification of these hypotheses more studies are needed 
determining in particular situations the T, I, and P factors, de- 
vising scales of inferiority-superiority, determining the amounts 
of inequality needed to produce given velocities, or affect given 
numbers of people. A simple type of study is to take one attribute 
(1°), such as an unusual garment worn by the Prince of Wales on 
some foreign tour, and determine sales (roughly = P) of it in a 
period (T) thereafter. 

A measure of prestige is the ratio: 

P q/p = a “prestige” ratio (Eq. 81, Ch. X) 

as this is greatest when the imitated plurels, P p , reach their lower 
limit of one plurel and one person, and P q , the imitators, are 
numerous. This prestige ratio shrinks as the imitated group in 
the denominator becomes larger and the imitators in the numera- 
tor become fewer. Compare the prestige of a Gandhi or a Hitler 
with the prestige of ordinary Europeans in some tropical area, 
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each measured by their ratio to the number of their followers for 
imitators in defined respects). 

Tarde’s second hypothesis is: 

2. “In the absence of interference imitations tend to spread 
in a geometrical progression.” 


i Mm? = a MmI i_1 (Eq. 82, Ch. X) 

where i denotes the ith term in the series starting from an initial 
momentum, a Mm, and I is the common ratio. 

The progression may be due to temporal acceleration, or to a 
geometric ratio in the successive numbers of imitators, or to both. 
The nature of .“ interference ” for diverse types of imitation needs 
study. The equation squarely presents the research problem of 
determining the numerical size of this ratio in specific situations 
and noting trends or norms from which to predict the future. 
Tarde’s third hypothesis is : 


3. “Imitations are refracted by their media.” 



In the accompanying figure let 
P I be the vector representing the 
characteristic among the persons 
imitated, and let q I represent it 
among the persons imitating, q P. 

The angle 6 is the angle of refrac- 
tion, as when the English language 
becomes the American version 
in the United States, or “pig- 
din” English in Chinese ports (when it contacts and is de- 
flected by the local factors, L). As usual in direction-cosine 
theory, which is the geometric representation of the S-theory of 
this volume, the 6 is specified by its cosine which is a function of 
the ratio q I /p in the figure, and is also the correlation coefficient, 
r, between the original and the refracted culture complex. As the 
two variables in this r exist in different groups, the r cannot be 
calculated by the usual methods. But recalling that r is inter- 
pretable as the geometric mean of the two percentages of common 
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elements in the two variables, suggests using this index to measure 
the refraction. 

V( c I/ p I)( c I/ q I) = cos 0 (Eq. 83, Ch. X) 

Thus the part of the imitated culture complex or traits that is 
exactly reproduced is reduced to an indicant, C I. The whole of 
the culture complex imitated is reduced to an indicant also, P I 
as is also the whole culture complex of the imitators, q I. Technics 
for such quantifying of culture in a single number have been 
developed. (See such texts as Lundberg, G. A., Social Research, 
Longmans Green, for an exposition of principles. For specific 
examples see Chapin’s “Socio-Economic Status Scale,” Dodd’s 
“Village Hygiene Scale,” Leahy’s “Urban Home Environment 
Scale,” the Rural and Urban Public Health Appraisal forms, and 
other scales referred to in Chapter III.) The ratio of those 
indicants is a proper fraction, as the common complex is a part 
of each whole complex. 

The square root of this fraction is the cosine 0, giving the 
angle of refraction. Note that this equation is not an hypothesis. 
It is a definition. It does not state what the refraction should be 
found to be under certain circumstances. It states an index for 
measuring the amount of refraction even if it is zero, as when a 
culture complex is so well defined as to be copied perfectly, such 
as the international playing of contract bridge, chess, or tennis. 

The indicants connected with refraction may be tabulated thus : 


REFRACTION INDICANTS 


Per cent of 
elements imitated 

cos 6 - r 

6 

Meaning 

Imitated 

plurel 

Imitating 

plurel 

100 

1.00 

0° 


No refraction 



50 

.71 

45° 


Half refraction 



o ! 

0 

90° 

1 

' Full refraction 



t 




■i 

1 

Zero reflection 1 

* 




* 

- .71 

135° 


Half reflection 



* 

-1.00 

180° 


Full reflection 





Full refraction would denote that the imitated culture complex 
had been so completely and unrecognizably changed as to show 
no correlation in the imitated and imitating plurels. Full reflec- 
tion would denote that the culture complex had been completely 
reversed, i.e., its opposite had been adopted, as when a Greek 
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conqueror of Jerusalem ordered swine to be sacrificed on the altar 
of the temple of the Jews to whom swine were defiling and 
tabooed. 

Bogardus adds a fourth hypothesis as follows: 

4. “ Conscious imitation tends to vary with imputed superi- 
ority.” 

= r? > 0 (Eq. 84, Ch. X) 

The hypothesis is that in the plurels P q the momentum of 
conscious imitation correlates with the difference on some scale 
(L) of imputed superiority-inferiority between the position of the 
imitated (| p ) and the position of the imitators (j Q ). Quantitative 
studies of the degree of correlation existing here under various 
conditions are lacking. The equation provides an excellent sub- 
ject for research. How high, under specified conditions, is the 
correlation, r, asserted by the phrase “ tends to vary”? 

A fifth hypothesis, suggested by Bogardus, is: 

5. “Conscious imitation correlates with social nearness of the 
stimulus.” 

Mmd D = r? < 0 (Eq. 85, Ch. X) 

The hypothesis here is that the momentum in any plurel of 
conscious imitation correlates negatively with the social distance 
test score, Id, of that plurel from, the group or stimulus imitated. 

6. A further hypothesis in the field of imitation is that informa- 
tional culture traits tend to have greater momentum, their 
corresponding behavioral traits tend to have less momen- 
tum, and their corresponding material traits tend to have 
least momentum. 

Mm/? = Mm/J? = Mm///JK (Eq. 86a, Ch. X) 

where 

Mm/ = momentum of an idea, or knowledge 
Mm// = momentum of its corresponding habit, or behavior 
Mm/// = momentum of its corresponding equipment, or material 
culture traits 

J = a fractional coefficient between 0 and +1, i.e., 
1 > k > 0 

K = another coefficient between 0 and +1, so that 

Mm / > Mm// > Mm/// (Eq. 86b, Ch. X) 
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This means that ideas travel furthest and fastest, and then 
habits change with a lag, and finally copies of material things 
are reproduced last in a given culture complex. Knowledge about 
guns, autos, or coeducation reaches a remote and isolated people 
before they are used, and their use in imported form tends to 
precede their local production. 61 

Care must be taken in testing this hypothesis not to compare 
information in one complex with behavior in another, or equip- 
ment in a third. Each trait and complex has its own and differ- 
ential resistances, so that the velocity of penetration of the use of 
a gun may greatly exceed the velocity of the idea of coeducation. 
This apparently denies the hypothesis, as an idea’s momentum 
is here less than a habit’s momentum, but the phrase “their 
corresponding” has been neglected. To be sure trader’s goods 
may penetrate further than the trader or his ideas, but the hypoth- 
esis merely affirms that knowledge of the function of those goods 
precedes their adoption, and this precedes their local production. 
The importation of the physical goods accelerates the diffusion 
of knowledge about them that must precede their use. An impli- 
cation of this hypothesis, if true, is the power of radio broad- 
casting and television in preparing the way for any change of 
habits or material culture which the controllers of a society may 
wish to achieve. Centralized governments such as Russia and 
Germany and others today (1939) are using this principle effec- 
tively for molding the total national culture along lines desired 
by the Government. 

. These hypotheses on imitation are perhaps enough to illustrate 
a large field for further research. Hypotheses need to be invented, 
precisely formulated by the aid of such tools as this S-theory, 
and tested against data to discover the degrees to which, and the 
conditions under which, the hypothecated generalizations are 
valid. 


C. Social Inheritance 

A second important variety of momentum is social inheritance. 
This is the changing, or educating, of each generation of babies 
to the culture of the parent generation of their in-group. Here 
the time, T, involved in the formula Mm = T _1 IP, is a genera- 
tion, and the indicant is all i culture traits of a given culture com- 
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municated in varying degrees of completeness from the former 
ancestor-worshiping-China to rapidly changing immigrant sec- 
tions of New York. The P is all the births or immi grants co min g 
into a cultural plurel. Obviously the momenta of social inherit- 
ance vary greatly with the varying of its three factors. 63 

These principles are used in social control, though often not as 
explicitly as is possible by a knowledge of the form ula for Mm. 63 
Thus at the end of the World War the United States realized 
that the momentum of assimilating its foreign-born immi grants 
was too little and acted to increase it by: (a) Americanization 
schools and programs to increase the velocity of assimilation : and 
(b) restricting immi gration by quota laws to reduce the annual 
new population to be assimilated. Thus existing agencies were 
able to reach an increased proportion of the admitted foreign-born. 

+Mm = IT -1 P q - (Eq. 88, Ch. X) 

P q ' = recent immigrants (imitators) 

T = period from admission to assimilation 

I = indicator of assimilation, as in completion of naturaliza- 
tion, or as in passing an English reading test. 

D. Summary of the Single Processes, Both Simple and Complex 

Herewith the exploration (for the limits of this volume) of the 
single processes has been completed. Before describing the aggre- 
gated processes, the classification of all S-theorv processes may 
be clarified by tabulating them in the following table. Following 
the outline of this chapter the single and the aggregated processes 
are first differentiated in columns. Then within the single proc- 
esses, the classes are the four sectors I, P, T, L in four columns. 
Within each column the rows represent the three commoner 
exponents classifying processes as nullary, primary, or secondary. 
Within each resulting cell the process with some chief sub- 
processes (in parentheses) are given by name and by Brief-S 
formula. The main processes, being highly generalized forms of 
change, have names which for the most part are new terms in 
Sociology. But when these forms are combined with more specific 
content, such as desiderata, the processes described become such 
familiar ones as “ co-operating,” “accommodating,” “conflicting,” 
“competing,” and others. 



S-CLASSIFICATION OF SOCIETAL PROCESSES 

By the vectorial and quantic dimensions (|j) of societal change, 
i.e., by the qualitative kind and by the completeness of observing of the change 
A Process = T" 1 : {(I)[ = an expansion of the T" 1 array of the Quantic Classification (see S. 33, Ch. II) 
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IV. AGGREGATED PROCESSES, ,(0< 

A. Definition of Aggregated Processes 

The preceding single processes, definable by a single index, 
have been described and illustrated by graphs and other quan- 
tified situations quoted from the current literature of the social 
sciences. Some aggregated processes will be outlined now as sug- 
gestive hypotheses for further research. No recorded quantitative 
situations have been discovered as yet by the author for illus- 
trating most of these aggregated processes. 

An aggregated process is one which by the rules of S-notation 
requires more than one index to define it. The manner of combi- 
nation of the indices in the compound is not clear as yet. It may 
be an aggregative combination as in a set of indices compared for 
a common series of periods in one population, as in S. 23, Ch. XII 
showing the social trends in the Soviet Union. It may later prove 
to be expressible as a summative combination, as in combining in- 
dices into some form of single weighted arithmetic average. 64 
Consequently the semicolon symbol is used to denote any unspec- 
ified one of the various mathematical operations of combining 
(+ - X / • : ::). 

Aggregation is the loosest, most general, and least specific 
form of combination, so that it will be assumed here, unless con- 
trary indication is given. 

t (I) ; = an aggregated process, change in an aggregation of indices 
(| i in number, in periods t j) . (Eq. 89a, Ch. X) 
t(I) S i = a su mm ative process, change in a sum of indices, a 
polynomial (Eq. 89b, Ch. X) 

B. Illustrative Hypotheses towards Measuring Aggregated Processes 
1. Unifying and Separating 

When a population composed of plurels with non-overlapping 
membership is breaking up into a larger number of plurels, dis- 
sociating is taking place. If simultaneously the separate plurels 
are developing different characteristics (as is natural whenever 
there is isolation or antipathy between the plurels), then dis- 
si mil arizing is also going on. Sometimes it may be difficult to 
distinguish these two processes, and a term for their joint occur- 
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rence may be useful. Thus, if more fraternal lodges are being 
formed in a community with increasing diversity of their charac- 
teristics, this joint process (which may be termed “unifying- 
separating”) is going on, for if every person belongs to one and 
only one lodge, then new lodges can only be formed (without 
newcomers from outside of that population) by taking members 
away from existing lodges — which is clear-cut dissociating. On 
the other hand if every person is a member of a lodge, and new 
lodges are formed by multiple membership of persons in more 
than one lodge, then differentiating is going on. But usually both 
processes are mixed (often together with some “recruiting” from 
newcomers) . 

(+tPzp); (+tls0? — +(I)sp (Eq. 90a, Ch. X) 

Dissociating and differentiating = separating 

When the double process goes in the opposite direction with 
groups merging and becoming culturally assimilated, the com- 
bination of associating and assimilarizing might be termed “uni- 
fying.” 

( - tPL) ; ( - J*i) ? = - (I)sp I s = 9 ;0 ;0 ;0 

Associating and similarizing = unifying (Eq. 90b, Ch. X) 

Whether such a concept will prove useful, or be forgotten, 
depends on whether the two constituent processes can be meas- 
ured in one situation. 

2. Attracting and Detracting 

When a group is recruiting, - enlarging its membership, and 
simultaneously the members are intensifying their desires for 
whatever the group represents to them, the two processes of 
recruiting and evaluating are going on. Their combination which 
might be termed “attracting” is a double process commonly 
characterizing the growth of any group. Its opposite would be 
conflicting and devaluating in a process of “detracting.” 

(±tPv); (±Jd) ? = ±(I)a* | a = 9;1;0;1 

Recruiting and evaluating = attracting 
Conflicting and devaluating = detracting (Eq. 91, Ch. X) 

During a conflict the double process becomes mixed, in that 
each group is recruiting and evaluating (intensifying its loyalty) 
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within itself while attempting to eliminate population and to 
devaluate in the opposing group. 

After the conflict detracting is more apt to characterize the 
group losing out in the conflict, for then the number and the 
loyalty of its membership tend to decrease, while for the victor 
attracting tends to go on again. 

In weighing these hypotheses, the reader must continually be 
on guard not to be influenced by the connotations of the names 
of the processes, but to think whether what the formulae sym- 
bolize is a true or useful description of phenomena. The names 
are aids to reflection for those not facile in thinking in terms of 
these unfamiliar S-symbols, but they may also prove ensnaring 
unless the reader is on guard. Thus, the terms “expanding” 
and “contracting” could be used for ±(I) At , but with differing 
connotations. The essential question is: Does -+-(I) At describe 
the increasing of population and of ambitions (as in an expanding 
imperialist country), and does - (I) At describe the reverse (as in 
war casualties and waning of imperialist ambitions when an in- 
conclusive war drags on) ? What are the conditions under which 
this process exists, accelerates, decelerates, or reverses in direc- 
tion? Are the conditions generalizable, or is the symbolizing of the 
process in a single index deceptive in that the process and the con- 
ditions for it are numerous and specific to each type of situation? 

3. Coercing 

A large number of societal processes may become measurable 
when analyzed into terms of positive and negative desiderata, V, 
intensities of desire, D, plus probabilities and time sequences. 
Concepts such as coercion, liberation, persuasion, threatening, 
puni shm ent, repression, and others can be so reduced. For one 
example, consider coercion. Two instances will make the abstract 
symbols more vivid. The Spanish Inquisition coerced the heretic 
with the alternative: 

“Persist in your belief (+‘'D,) and be tortured to death (-‘"D,) 

or 

“Recant (-CD,,) and be set free (+*'!)„).” 

The coal company with its company store coerces the m iners 
with the choice : 
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“Buy cheaper elsewhere (+ tf D,) and lose your job (— ^D,)” 

or 

“Buy expensively here (— t7 D„) and keep your job (d-^D,,).” 

The essential pattern here can be described by the matrix 

j!+ t# D, — t "D, i 

j 1 ii = *Di (Eq. 91.5a, Ch. X) 

where there are : 

1. alternative acts (j, or j,,) positively and negatively desired 
( +D, — D) by the party coerced; 

2. each act having a high probability, imposed by a second 
party, of a consequent event ^j, of opposite valuation 
( — or +) to the first party; 

3. the relative valuations, D, of the four desiderata being of 
such sizes that the first party chooses “'the lesser of two 
evils” in acting against its desire in order to avoid a worse 
consequence. 

Equations of the ratios formed from the four elements of this 
matrix can be built up and manipulated in various ways. Thus 
if the aversion ( — D) to death is equal to the aversion to recanting, 
their ratio equals unity. This is the critical point of indecision 
or balanced choice; if either aversion changes, the equation may 
become an inequality and measure the compliance or defiance of 
the coerced party. 

= i = a measure of the effectiveness of coercing 

(Eq. 91.5b, Ch. X) 

The coercing may vary in three ways : 

a. according to the absolute size of the smaller negative 
desire | — ‘ D | the coercion varies in importance from triv- 
ial to grievous; 

b. according to the relative size of the two alternative nega- 
tive desires, -*"D the coercing varies in effec- 
tiveness from completely effective to ineffective, as when 
this ratio drops below the critical point of unity and the 
first party defies the second, preferring death to recant- 
ing, or being fired to being exploited, and is no longer 
“coerced”; 
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c. according to the probability of the second party imposing 
the indicated consequence on the first, the coercing varies 
in probability from an idle threat to an inescapable con- 
sequence. 

Recalling that joint probability is but the simpler form of corre- 
lation of all-or-none indicants, the result of this analysis is that 
the three aspects of importance, effectiveness, and probability 
of the coercing process may be measurable by an amount, a 
ratio, and a correlation, respectively, among the intensities of 
desire, D, of the coerced party in the situation. 

For suggestions to be explored, “ liberating” may prove to be 
definable and measurable as decreasing towards zero the prob- 
ability of the undesired consequence in a situation of coercion; 
“threatening” as coercing with lower or unknown probability; 
“persuading” as prior acts by the second party which correlate 
with subsequent valuating (changing intensities of desires) in 
the first party; etc. 

4. Tolerating, Non-tolerating, and Proselytizing 

In toleration the basic situation is that tw r o parties are in con- 
flict over some desideratum, and at least one tends to eliminate 
the other. A church may want all Christians to believe the ortho- 
dox creed to the point of burning at the stake those heretics who 
refuse to believe. But the essence of toleration is that in such a 
situation the parties reduce their desires for universal possession 
of the desideratum and their supplementary desire to kill off the 
opponent. They are basically in conflict, yet they accommodate to 
each other ; they five and let live in spite of antagonism. Although 
the formula is the same as for “detracting” above, the time rela- 
tionships of the elements differ. In “detracting,” full conflict 
has been going on and desire wanes; whereas in “tolerating” de- 
sires are reduced while the conflict is incipient, i.e., before it has 
reached the stage of actual killing or eliminating of opponents 
from the field of that desideratum. 

The opposite of tolerating is where the zeal for universalizing 
the desideratum increases, and recruiting of membership into the 
plurel identified by that desideratum is going on. In the field of 
religious beliefs this is termed proselytizing, the intensifying of 
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desire to spread the beliefs (desiderata) of one’s religion and the 
winning of converts. But “proselytizing' 7 in its root meaning of 
“ coming towards/ 7 a new belief or valuation, might serve as a 
generalized extreme deviation from tolerating. Intolerance, then, 
would denote the relationships in the process where conflicting 
was going on unchecked, and desires (for the value at stake in 
the conflict) were becoming more intense. Tolerating is inter- 
mediate between proselytizing and in tolerating, since in tolerating, 
conflict (the elimination of the opposing population) is held to a 
zero amount, in spite of an intense desire to universalize the 
desideratum at stake. 

(+ t Pv); (+ t I D ) ? = +(I)ti = “proselytizing” (Eq. 92a, Ch. X) 

= recruiting and desiring 

(tPv = 0); (+ t I D ) ? = (I)ti = “tolerating” (Eq. 92b, Ch. X) 

= desiring without recruiting or elim- 
inating 

(- t Pv); (+Jd) ? = (I)ti = “ intolerating ” (Eq. 92c, Ch. X) 

— desiring and eliminating opponents 

5. Socializing vs. Individualizing 

Another hypothesis towards reducing a compound process to 
measurement concerns socializing. The essence of socializing is, 
in Ross 7 words, “the development of the we-feeling in associates 
and their growth in capacity and will to act together.” (Ref. 60, 
p. 375.) In Von Wiese’s words it is the establishing of “ethically 
sanctioned intragroup and intergroup bonds.” (Ref. 78, p. 367.) 
In the system of concepts developed in this volume, if the desid- 
eratum, V, represents the “we-feeling,” the “group bonds,” then 
its increase is one form of co-operating, +tV. At the same time 
all mutually incompatible desires, as for one’s own way of doing 
things, must be accommodated, — tD v , if there is to be the “capac- 
ity to act together.” 

Thus co-operating and accommodating together, when each is 
limited to specific types of desiderata as suggested above, may 
constitute the meaning of socializing. 

The paired opposite would be a decrease of the we-feeling, the 
attitudinal desideratum binding the group together (measurable 
by some attitude test or indicators of cohesive behavior) , accom- 
panied by increasing desire to have one’s own way and not ao- 
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commodate to others. This may be dubbed “ individualizing, ” 
pending more rigorous analysis and trial in measured data. This 
process is a specific form of the regressing and evaluating processes. 

(+tVco) ; ( - t D a ) ? = +(I) Sc = “ socializing 3 ' (Eq. 93a, Ch. X) 

= specified co-operating and accom- 
modating 

( - t Vco) ; ( +tD s ) ? = - (I) Sc = “individualizing” 

(Eq. 93b, Ch. X) 
= specified destroying of group de- 
siderata and intensifying of indi- 
vidual desires 

When the specification of the desiderata is altered, the process 
described in the sociological literature under the rubric of “adjust- 
ing” seems to be described by these symbols. In adjusting the 
parties accommodate to each other in reducing any desires that are 
unsatisfiable in that situation, as well as in acting so as to increase 
the desiderata in common that are possible of gratification. A 
new boy at boarding school, the delicately reared pioneer’s wife 
in the wilderness, the acquiescent people of a conquered territory, 
all adjust to their new situation by reducing whatever desires are 
physically and socially impossible, and by doing whatever they 
can to get along with their new associates and build up whatever 
desiderata they may have in common. (This analysis, though 
inadequate, may be suggestive.) The formula for adjusting is 
the same as for socializing, but the definition of D differs, as in 
“adjusting” D also includes desires with reference to the phys- 
ical environment, whereas in “socializing” D denotes desires of a 
social sort, i.e., desires for values of interaction with other people. 
Also in “socializing,” the desideratum, V Co , is group solidarity, 
the we-feeling, while in adjusting it may be a more general set of 
values, desired by all the group in common. The reverse direction 
of this process might be labeled tentatively as “malad justing.” 
This paired process might be symbolized by: 

±(I)a j = adjusting and maladjusting (Eq. 93c, Ch. X) 

The form of the formula is that of Eq. 93, Ch. X above, but the 
class scripts on V and D would be altered to denote a different 
set of desiderata. 
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In a similar way the same formula might be refined so as to 
symbolize the process of “adapting.” Here the desiderata are 
other-than-social. Thus “adjusting,” if these definitional hy- 
potheses are confirmed, would be subdivided into “socializing” 
with reference to interhuman desires, and “adapting” with ref- 
erence to other desires. 

6. Vakiating and Similizing 

In Chapter V “variation” was defined as the combination of 
differentiation and dispersion. The process of variating may then 
be defined as the combination of diss imil ar! zing (differentiating) 
into more kinds of characteristics and dispersing into larger 
standard deviations of each characteristic. Variating is thus in- 
creasing the number of qualities and the range of the quantity of 
each quality. Biological and sociological variation includes both 
types of differences. North’s social differentia of rank, function, 
culture, and interest (Ref. 50) are both qualitative and quantita- 
tive and would, therefore, be examples in their dynamic aspects 
of our compound process of variating and its oppositely directed 
process, which might be termed devariating or “similizing.” 

+t(|si) ; tCT) ? = (IK = “variating” (Eq. 94a, Ch. X) 

= dissimilarizing qualities and dis- 
persing quantities 

— t(Ui) ; — t(*I) ? = -(IK = “similizing” (Eq. 94b, Ch. X) 

= qualitative similarizing and quanti- 
tative equalizing 

The manner of combining the two constituent processes is a 
problem for research. Can suitable units and weighting be de- 
vised to make adding them yield an index reflecting changing of 
either the qualitative or the quantitative type, or should the com- 
bination remain an aggregation requiring more than one index to 
express, as in the aggregative formula : 

(IK '• = tCIi) (Eq. 94c, Ch. X) 

or is some other mathematical function more useful? 

7. Opposing 

Often the processes of competing and conflicting coexist and 
are diffi cult, to distinguish. This joint process might be termed 
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“ opposing.” Since competing is a process without an opposite 
(as a negative standard deviation is debarred 65 ), opposing has 
no fully reversed process in which all its constituent processes go 
in the other direction. 

Opposing is symbolized by a primary and secondary process as: 

(-tPv); Cp ? = (I)op = “opposing” (Eq. 95, Ch. X) 

= conflicting and competing 

To measure this, as well as any other compound process, the 
constituent processes must be measured, of course. 

8. Exploiting 

As an example of an hypothesis of a trinomial process the fol- 
lowing tentative analysis of the process of exploiting is offered. 

It is suggested that “exploiting” involves coercing and com- 
peting in a situation of dispersion. The exploiting party is com- 
peting with the exploited parties; there is a large gap in their 
economic power, i.e., the sigma of this characteristic is large; 
and the exploiting party coercively links lesser negative with 
larger positive values for the exploited party. The exploiting 
plantation owner in competing with his native employees for the 
larger share of the plantation’s proceeds from sales has a large 
gap in economic power separating him from them, and so is able 
to link inseparably the negative value “inhuman working condi- 
tions” with the greater positive value “livelihood at all.” 

Symbolically the aggregation of the three constituent processes 
is: 

Cr ; Cp ; C>I) ? = (I) Ep i = “exploiting” (Eq. 96, Ch. X) 

= coercing, competing, and dispersion 
larger than average 

An hypothesis such as this may be verified by multiple correla- 
tion technics. Suppose that in each of a hundred situations, in- 
volving exploitation to varying degrees as rated by a group of 
sociologists trained in this field, the amount of coercing, com- 
peting, and dispersion were separately measured, each as defined 
above. Then the multiple correlation coefficient between the 
three constituent processes and the ratings of exploiting is calcu- 
lated. Proportionately as this multiple correlation, corrected for 
attenuation, approaches unity, exploiting is proved to be com- 
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posed of these and only these processes. Eq. 96, Ch. X can be 
made into the multiple regression equation by giving each con- 
stituent process its multiple regression weighting, and by in- 
cluding a constant term on the left to adjust for the origins chosen. 
If, as is probable with crude technics at first, the multiple cor- 
relation is significantly below unity, two methodological choices 
present themselves. The first choice is to say that residual un- 
measured processes are constituents of exploiting (to the extent 
of the multiple coefficient of non-determination, ko-m-n, 
(= 1 — To • 123 • • • n) ) over and above the processes of coercing, 
competing, and the dispersion. The research problem is then to 
discover and measure these residuals until the multiple correla- 
tion approaches unity (within limits of error) and the validity of 
our analysis of “exploiting/ 5 as measured, is proved. The second 
choice is to say that Eq. 96, Ch. X defines a process, denoted by 
the symbol on the right, which has been inappropriately labeled 
“exploiting. 55 A new term might be coined and the fact recog- 
nized that this new process correlates to the extent r with the 
process of “exploiting 55 (as measured by the ratings based on a 
schedule card objectifying conventional notions of exploitation. 66 

9. Evolving 

A final hypothesis of an aggregate process, analyzed into what 
may or may not prove to be its necessary and sufficient constitu- 
ent processes, is the quinnomial hypothesis towards defining the 
societal process of evolution. Building on the biologists 5 analysis 
of evolution into the processes of variation, selection, and heredity, 
and expressing these in standard S-notation gives: 

Vr; Op; Sb ? = (I)e V o1v = “evolving 55 (Eq. 97a, Ch. X) 67 

Here variating is defined above (Eq. 94, Ch. X). Selection is 
competing for the limited desideratum, “the wherewithal to sur- 
vive, 55 followed by depopulating the less successful competitors. 
This is a form of our “opposing 55 process (Eq. 95, Ch. X) as 
compounded of competing and conflicting (for specified desid- 
erata in specified populations of course). Heredity is objectively 
measured as stability, i.e., the revarying of characteristics be- 
tween generations, that trait being most purely hereditary which 
changes least from one generation to another. This definition 
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covers cultural as well as germ-plasm inheritance. Therefore, 
the three processes above break down into five single processes 
(symbolized by the five-letter subscript “Evolv”) : 

+*(|=0; +t("I); +Cp; — t (P v ), *(*1)? = “ dissinfilarizing ” and 

“dispersing” and “ com- 
peting ” and “ eliminat- 
ing” and “re varying”? 
= “ evolving” 

(Eq. 97b, Ch. X) 

Such a formula may help conceptually to understand the total 
evolving of human society. But in any measured instance of 
course, only a portion of evolving phenomena will be isolated for 
study — the particular portion being defined by the data from 
which the indices of the five constituent processes were calcu- 
lated. 68 * 


V. S-SITUATIONS 

For illustrations of the societal processes which are defined by 
S-formulae containing T -1 , the following eighty-five S-situations 
may be studied. These eighty-five sets of data are arranged to 
parallel the topics of the chapter. For every situation a process 
formula is given in the text, but not every formula for a process 
given in the text has an S-situation illustrating it here. Since the 
process formulae are hypotheses proposing new operational defini- 
tions of concepts, no published data could be found to provide 
evidence as to the possible utility of many of these hypotheses. 
They await testing with further research. 

As usual each S-situation is accompanied by its descriptive 
formula which states a particular variation of the fundamental 
S-theory formula S = l(T; I; L; P )® which summarizes all the 
formulae and quantified data presented in this volume. The 
quantic number, comprising the exponents of the descriptive 
formula, follows and classifies each S-situation into one class of 
societal data as diagrammed in S. 33, Ch. II. The “ legend,” next, 
fulfills two functions: (1) to specify the subclass of phenomena 
symbolized by the S-symbols in a dozen major classes (e.g., in S. 1, 
Ch. X to specify that the number of dates *[ is “two,” the length 

* For Eqs. 98— 102a, Ch. X, see notes at end of chapter. 
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of each period T is “five years,” the particular kind of plurels are 
“health professionals,” etc.) (2) to verbalize the meaning of the 
S-symbols for the student unversed in the symbols of the S-theory 
so as to describe the structure of the whole situation as analyzed 
by the S-formula. 


S. 1 


X 

City Physician 
part-time 

ft 

A 

Sanitary 

Inspector 

Two Nurses 





PUBLIC HEALTH STAFF PAID FROM LOCAL FUNDS -END OF 1922 

Q 

n 

A 

Health Officer 

# i 

mm 

t 

0 

V 

V 

Physician 

part-time 

A 

Dentist 

i-h 

A 1 

Sanitary 

Inspector 

1000001 
Six Nurses 

Supervisor of 
Health Educatior 

M it 

Two Clerks 


PUBLIC HEALTH STAFF PAID FROM LOCAL FUNDS - END OF 1927 
Ref.: Sydenstricker, Edgar, “Safety Always,” Survey, Vol. LXI, No. 2, October 15, 1928, p. 80. 


Descriptive formula: Si = t T _1 :P p 
Legend : 

Si = The situation 
records for 

*1 = 2 dates (1922 and 1927) 
with 


Quantic number = 9 ;0 ;0 ;1 

T -1 = a 5-year interval 
P = the number of persons 

in each of 

| p = 7 professional health plurels 


Comment on notation : 

The processes of populating ( t P) and similarizing ( t ]0 are illustrated in this 
simple situation: 

'P = 3.8 persons in 1922 
*'P = 12.5 “ “ 1927 

' -2 'P = 8.7 gain in personnel 
= 8.7/3.8 = 229% 

T = 5 years 

229/5 = 46% annual adpopulating 


— * / %j — 

years 

dissimilarizing in relative 
terms; or in absolute terms, 
4 new specialities in 5 years 


Dissimil arizing is measurable by the 
percentage increase of different kinds of 
functionaries 

P p = I^Pt 1 
|^i = 3 in 1922 
= 7 in 1927 

/-z'X- 1 ! — 133% increase ^ . 

1 — = 27<& annual 
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S. 2 


Administration 


Publica- 

tion 


Proof Reading 


Old Military Records 


Distribution 


Orders 


Mail and Record 


Corpls. 

and 

Examining 


Re Enlisted Men 


Re Officers 


Re Regular & Volunteer Troops 
Miscellaneous 


Miscel- 

laneous 


Efficiency Records 


Miscellaneous 


Enlisted Men’s 


Recruiting 


Rolls 


App Com and Pers 


Military Academy 


Returns 


Medical 


Medical Records of Enlisted 
Men 


Medical Records of Enlisted 
Regular & Volunteer Troops 


Regimental Records 


Archives 


Tenth 

Street 


Identification Records of Enlisted Men 


Military Record Cards 


Carding Confederate Military Records 


Seventeenth Street 


Administra- 

tion 


Mail and 
Record 


Correspon- 

dence 


Enlisted 

Men’s 


Officers 


Regimental 

Record 


Archives 


Carding 


Organization of the United States Adjutant General’s Office 
Compared with Organization Proposed by President Taft’s Com- 
mission on Economy and Efficiency. 


Ref.: Brinton, Willard C., Graphic Methods for Presenting Facts, Engineering Maga- 
zine Co., 1923, p. 33. 
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S. 2 ( Continued ) 


Descriptive formula: So = t T 1 : P p 
Legend : 


S 2 = The situation 


*T _1 = 2 dates 


records for each of 
I the present 

\ and after reorganization 



Quantic number = 9;0;0;1 

the departments of a Govern- 
ment office 


Comment : 

The process of associating is illustrated on counting the list of departments 
when these are the population units. The zero exponent reduces the persons 
in a plurel to a single unit, but on taking more than one such unit the exponent 
on the population index becomes positive again. The fact that the plurel is 
the unit, regardless of the number of persons in each plurel, may be written in 
any of the three equivalent formulae : 

Associating = — tPs P = — t(P°)s P = — t|s P | s = 9;0;0;1 (Eq. 103, Ch. X) 

The summation sign is an operational symbol commanding the operator to 
add up the plurels and thus convert the aggregation in the graph into a single 
number as in Eq. 103. The 26 departments are merged into 8 new departments. 
This represents 18/25 of complete association into only one department, or 72% 
of maximum associating. 
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S. 3 


YEAR 


(BOO 1 8 1 0 1820 f 8SO 1840 I860 1880 1870 1B80 I860 1800 1810 



Growth of Population in Various Countries, 1800-1910. From 
Thirteenth Census of the United States, Voi. I, p. 35. 


Ref.: Hankins, Franc Hamilton, An Introduction to the Study of Society, Macmillan, 1928, p. 283. 
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S. 3 {Continued) 


Descriptive formula: S3 = tT " 1 :P p 
Legend : 

S 3 = The situation 

records for each of 

t | = 12 periods 
T" 1 = of a decade each 


Qmniic number — 9 ;0 ;0 ;1 

'] = beginning in 1800 
P = the population 

of each of 
| p = 10 nations 


Comment on notation: 

The adpopulating processes in this aggregation of ten nations vary from about 
50% to over 1500% in a century. 
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Ref.: Marshall, Leon O., The Story of Human Progress, Macmillan, 1925, p. 166. 
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S. 4 ( Continued ) 


> • , 


Descriptive formula: S 4 = {T 1 : p P 
Legend : 

S 4 = The situation 

records for each of 

t | = 25 periods 
X -1 = of a century each 


Quantic number — 9 $ ,*0 ;1 


; | = beginning in 600 b.c. 

the corresponding 
p P = scientists listed by name 


Comment on notation : 

P alone would denote a number of persons. *| denotes an aggregation, listing 
individual persons, p in number. 

S. 5 



The Membership of the National Congress 
of Parents and Teachers per 10,000 Popula- 
tion, 1909-1935. Fitted with the cumulative 
curve of a normal frequency distribution of 
which the cr is 5.4 and Yo is 21. 


j 


Ref.: Pemberton, Earle H., “The Effect of a Social Crisis 
on the Curve of Diffusion,” American Sociological Review, 
Vol. II, No. 1, Feb., 1937, p. 58. 


Descriptive formula : S 5 = {T 1 : %P P 

Legend: 

S5 = The situation 

records for each of 

t T _1 = the 24 years 

= beginning in 1911 


cr 

fO 


P = 


Quantic number — 9 ;0 ;0 ;1 

the relative number of mem- 
bers of the N.C.P.T. 

for each of 

2 plurels — actual and normal 
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A t the age of forty ^ 


Vital Statistics Dramatized 

An appeal to mothers issued by the Belgian Red Cross. Of every ten 
expectant young mothers, only eight 'mill bring living children into the 
world. Of these eight , two will die before the age of twenty , and two, at 
that age, will be physically unfit for military service; at the age of forty , 
only five will survive and only two will remain physically fit. 


Ref.: The Survey , Vol. XLVIII, No. 10, June 15, 1922, p. 401. 


Descriptive formula: S 6 = t T~ 1 : 
Legend: 

S 6 = The situation 

records for each of 

t T“ 1 = 4 dates 

%P = the percentage of Bel gians 


Quantic number = 9 ;0 ,*0 ;1 

: = subdivided into 

| p = the physically fit and unfit 
plurels 


Comment: 

The process of depopulating the plurel of the “fit” has gone on at an average 
velocity of 1.25% per year for the first 40 years. 
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“H uman life in the U. S. is icing wasted as reck~ 
lessly, as surely, in times of peace as in times of war " 


Ref.: Emerson, Haven, “Medical Care for All of Us,” Survey , Vol. LXVIII, No. 17, 
Dec. 1, 1932, p. 632. 


Descriptive formula: S 7 = P p : / T” 1 Quantic number « 9# $;l 

Legend : 

S7 = The situation 
records 

P = the number of deaths 
in each of 

Comment on notation : 

Note the unusual situation where the time period, being different for each 
plurel, is dependent on | p and, therefore, follows the colon. 


| p = 4 plurels (classified by cause) 

,T~ l = in corresponding specified pe- 
riods 
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S. 8 


THE DISPLACEMENT OF LABOR BY INCREASING PRODUCTIVE 
EFFICIENCY AND ITS ABSORPTION BY AMERICAN INDUSTRY, 

1920-29 


Manufactures 


Changes in Employment ( +) or 
( — ) during the Current Year 



Due to 

Due to 

Net Change 

Year 

Changes in 

Changes in 

since 


Efficiency 

Output 

1920 

RSI 

- 163,000 

-2,045,000 

-2,208,000 

|||1 

-935,000 

+1,759,000 

-1,384,000 


-183,000 

+1,350,000 

-217,000 

1924 

-276,000 

-584,000! 

-1,077,000 

1925 

-495,000 

+948,000 

-624,000 

1926 

-93,000 

+211,000 

-506,000 

1927 

-68,000 

-204,000 

-778,000 

1928 

-503,000 

+440,000 

-841,000 

1929 

-116,000 

+541,000 

-416,000 


Railroads * 


Changes in Employment (+) or 
(— ) during the Current Year 


Due to 
Changes in 
Efficiency 

Due to 
Changes in 
Output 

Net Change 

since 

1920 

+2,000 

-494,000 

-492,000 

-36,000 

+100,000 

-428,000 

-52,000 

+286,000 

-194,000 

-47,000 

- 103,000 

-344,000 

-82,000 

+80,000 

-346,000 

-39,000 

+93,000 

-292,000 

+9,000 

-67,000 

-350,000 

-74,000 

-5,000 

-429,000 

-26,000 

+39,000 

-416,000 


Coal Mining t 


Totals for the 3 Groups 


Changes in Employment (+) or Changes in Employment (+) or 

( — ) during the Current Year (— ) during the Current Year 


Year 

Due to 
Changes in 
Efficiency 

Due to 
Changes in 
Output 

Net Change 

since 

1920 

Due to 
Changes in 
Efficiency 

Due to 
Changes in 
Output 

Net Change 

since 

1920 

1921 

-15,000 

-165,000 

-180,000 

- 176,000 

-2,704,000 

-2,880,000 

1922 

-27,000 

-62,000 

-269,000 

-998,000 

+1,797,000 

-2,081,000 

1923 

-15,000 

+224,000 

-60,000 

-250,000 

+1,860,000 

-471,000 

1924 

+8,000 

-94,000 

-146,000 

-315,000 

-782,000 

-1,567,000 

1925 

-7,000 

-19,000 

-172,000 

-584,000 

+1,009,000 

-1,142,000 

1926 

+5,000 

+102,000 

-65,000 

- 127,000 

+406,000 

-863,000 

1927 

-11,000 

-66,000 

-142,000 

-70,000 

-337,000 

-1,270,000 

1928 

-21,000 

-25,000 

-188,000 

-598,000 

+410,000 

-1,458,000 

1929 

-12,000 

+29,000 

-171,000 

-154,000 

+604,000 

-1,003,000 


* Class I railroads. 

t Anthracite and bituminous coal mining combined. 

Source: David Weintraub, “The Displacement of Workers throu g h Increases in Efficiency and 
Their Absorption by Industry,” Journal of the American Statistical Association , December, 1932, 
pp. 396-97. The table covers wage-workers only. 


Ref.: Corey, Lewis, The Decline of American Capitalism, Covici Friede, 1934, p. 227. 
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S. 8 (Continued) 


Descriptive formula : S 8 = % T -1 : P p . 

Legend: 

Ss = The situation 

records for each of 
t T -1 = the 9 years 
'| = beginning in 1921 
the changes in 

P = the number of employees 


Quantic number = 9 ;0 ,*0 ;1 
for each of 

| p = 3 major industries and their 
sum, 

subdivided into 

| q = 2 plurels identified by causes 


S. 9 


GIRLS 


Vehicles 

Handling Objects 


Machinery 



53ft 


Falls of Persons 

10ft 


Falling Objects 

1ft: 

— 

Hand Tools 

4ft_ 


Explosions, Electricity 

5ft 


Stepping on Objects 

7ft 

[ 

Miscellaneous 

2ft: 

_ 


BOYS 



24ft Vehicles 


20ft Handling Objects 


19 ft Machinery 

8ft Falls of Persons 
8ft Falling Objects 

7ft Hand Tools 

6ft Explosions, Electricity 

15* Stepping on Objects 
3ft Miscellaneous 


CAUSE OF INJURIES TO MINORS, 1924 

From the Pennsylvania Report on Accidents to Minors 


Ref.: Kelly, Florence, “A Skeleton in Industries Closet,” Survey, Voi. LIX, No. 8, January 15, 1928, 
p. 525. 
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S. 9 ( Continued ) 


Descriptive formula: Sg = t'(%PT“ 1 ) p . q 

Quantic number 

= 9;0;0;1 

Legend: 


Sg = The situation 

in each of 


records 

|p = 2 sexes 


r 0 P = the percent of persons injured 

: = subclassified by 


T~ x = annually 

| q = 9 causes 


t'| = in 1924 





S. 10 


Taft, 1908 


Bryan, 1908 


10 20 30 40 50 60 70 80 90 100% 


MICH. 

WASH. 

MINN. 
N. 0. 

R. I. 

MASS. 

S. D. 

CALIF. 


PENN. 

CONN. 
ORE. 
N. H. 

WIS. 

IDA. 

N. J. 

UTAH 

WYO. 


IOWA 


W VA. 
KANS. 

OHIO 

DEL. 

MONT. 


COLO. 

NEBR. 


TEX. 

LA. 
MISS. 
S. C. 


1912 

Taft 

Republican 


Roosevelt 

Progressive 


Wilson 

Democrat 


^Dotted line divides two parties in 1908, Taft 

percentage to the left, Bryan to the right 

The Vote for President in 1908 and in 1912 by States 
(Prof. Irving Fisher in the Veto York Times.) 

Ref.: Brinton, Willard C., Graphic Methods for Presenting Facts, Engineering 
Manufacturing Co., 1923, p. 10. 
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S. 10 ( Continued ) 


Descriptive formula: Sio= t T _1 : : 

Legend: 

Sio = The situation 
records 

t T _1 = on 2 dates (1908 and 1912) 

for each of 
| p = 46 States 


Quantic number = 9 ;0 ;0 ;1 

%P = a % of U.S. voters 

voting for each of 

| q = the 3 major parties (2 in 
1908) 


Comment: 

In operating on the data presented in this third-degree matrix 0| X | p X |q) 
here, let the exponent, which specifies the operational thoroughness of studying 
the data, take successively the values of 0, 1, and 2. 

First operate with a zero exponent: l T~ l : ( % P)$ = + t | q (in Brief-S), mean- 
ing that the aggregation of parties has increased from 2 to 3 in the four years, 
i.e., that a dissociating process has taken place to the extent of 50%. (| p is a 
constant during this period and hence may be neglected in studying this change.) 

Next with an exponent of 1, the processes of depopulating and adpopulating 
the Republican ([ q >) and Progressive (| q ") parties respectively are illustrated: 

t'Pq'j 4"t'Pq". 

Next for secondary processes (exponent = 2), mobility of voters between polit- 


q 


ical parties is illustrated : Mbx 

= (.52 t ,F> 

> 5 . As 

an example, the mobility for 

the State of New York was : 






t '%? 2 


Republicans 

-20 

400 

Mb = 24% 

Progressives 

+27 

729 

Democrats 

- 7 

49 



0 

1178 



This 24% mobility means 24% of the maximal shift of votes, as when a monop- 
oly by one party in 1908 becomes another’s monopoly in 1912. 

Thus a nullaiy process here measures the c hangin g number of plurels; a 
primary process measures the changing size of each plurel taken by itself ; and a 
secondary process measures the shifts between plurels in the total voting popu- 
lation. 

As usual, election data are an example of our tension theory that people’s 
desires for desiderata create tensions (see Ch. V). Votes may be considered 
either, (a) from the viewpoint of the voting population, as indices of the desire 
of the electorate, or (b) from the viewpoint of the candidates, as the desideratum 
desired by the candidates: *(PD = VE)p :q . 

Since in a democracy each voter’s intensity of desire is considered equal to 
any other voter’s and hence is the unit of desire, D = L The desideratum to 
the voters is a particular candidate and hence is an all-or-none quantity, so that 
y© _ y° _ i Hence P = E, the number of voters (P) voting for a candidate 
measures the tension (E) of the population towards him. 
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Again operate on the data as specified by exponents of 0, 1, and 2 to measure 
processes defined by the tension theory. First, from the point of view of the 
voters as the population, P, the number of candidates is the number of unitary 
qualitative values, V® = 2 in 1908, and 3 in 1912. Thus the process of dissunilar- 
izing , which was defined as increasing the number of qualitative characteristics 
in a situation, has gone on to the extent of 50% (+ t j 2l = 50%). This process 
is identical with dissociating in this situation, since a political party (a plurel ) 
and a candidate (a desideratum) are interchangeable in the data as presented. 

Next, with exponents of 1 on D, those voters who change their party in 1912 
illustrate devaluating the desideratum represented by their former party, and 
evaluating the desideratum represented by their new party. Thus, Republicans 
who became Progressives devaluated, i.e., decreased their intensity of desire 
for, the Republican candidate and evaluated, i.e., increased their intensity of 
desire for, the Progressive candidate. 

Next, with exponents of 2 on D the process of r evaluating, Rl, i.e., the shifting 
of valuations, D, is calculable by Eq. 54, Ch. X. Since D is 1 for the voters who 
vote for a certain candidate and zero for those voters towards every other can- 
didate, the shift of desire between candidates is identical with the shift of voters 
between parties, and so the revaluating, Rl, becomes identical with the mobility", 
Mb, i.e., 24% in the case of New York. 

Second, from the point of view of the candidates (or the political parties) 
the population is defined as | q in this situation, and is 2 in 1908, and 3 in 1912; 
D is now defined as the intensity of their desire to win the election and is un- 
measured in the data as presented ; and V is now defined as the votes, since 
these are the desideratum desired by the candidates, so that now Y = P (if 
D is roughly assumed to have been constant). When the exponent is 1, the 
process of 'progressing , i.e., increase of the desideratum (votes), has taken place 
for the Progressive Party, and regressing , i.e., decrease of votes, has taken place 
for the Republican Party. 

Next, when the exponent is 2, the process of competing between parties is 
measured. The amount of competing, Cp, is the same as the mobility, Mb, 
since P, the number of voters, is here V, the amount of the desideratum. Thus 
for New York there w-as 24% of maximal competing ; for California 58% ; for 
South Carolina 5%. (These figures are approximate ones from a visual reading 
of the graph.) 

In the above defined situations, the resultant processes of tensing and retensing 
are measurable wherever P, D, and V are simultaneously determinable. 

These illustrations of the processes defined by the tension theory emphasize 
the necessity in applying this theory to specify rigorously the desideratum, the 
population desiring it, and the index of their intensity of desire, or else the tension 
theory equation is indeterminate, and reasoning in terms of its factors may 
be confusing. 
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S. II 

CAUSAL FACTOR ANALYSIS 


Comparison of Statistics for the Year 1923—24 of the Chief Family Helping Agencies 
(three private, one public) with the Boston Provident Association’s Figures for 1913 



Overseers \ 
of Public 
Welfare 

Provident 
Associa- 
tion * 

Family 

Welfare 

Society 

Federated 

Jewish 

Charities 

Total 

1913 

Prov. 

Assoc. 

Toted No. of 
Case Units 

4680 

837 

3315 

2011 

10843 

875 

Industrial 

Accident 

Cases 

50 

53 

96 

19 

218 

103 

Percent 

1.06% 

6.3% 

2.8% 

1.0% 

2.01% 

1— *■ 
CO 

Intemperance 

Cases 

88 

I 84 

270 

0 

442 

180 

Percent 

1.8% 

9.9%t 

8.0% 

0 

4.0% 

20% 

Unemployment 

Cases 

690 

370 

1066 

435 

2561 

245 

Percent 

14.7% 

44.2% 

32.0% 

21.0% 

23.6% 

28% 

Illness 

Cases 

665 

331 

2108 

929 

4033 

| 

269 

Percent 

14.2% 

39.5% 

63.5% 

46.2% 

37.1% 

30% 

Tuberculosis 

Cases 

148 i 

39 

128 

112 

427 

129 

Percent 

3.1% 

4-6% 

. 3.8% 

5.5% 

3.8% 

14% 

Desertion and 
Non-support 
Cases 

512 

97 

331 

168 

1408 

135 

Percent 

10.9% 

11.5% 

10.0% 

8.3% 

10.2% 

15% 


* Intake only. t Rate declining the past 7 months to 7.5%. 

Note the size and persistency of the ‘'Illness” factor and of “Unemployment.” 

Note the substantial reduction of the “Tuberculosis” factor which may be set alongside the recorded 
decline in our tuberculosis morbidity figure which, in the same period, dropped 4.45%. 

Note that “Intemperance,” which dropped from 20% to 1% in the Provident Association analysis 
in 1919, then rose to 9.9% last year and is now falling to 7.5%. 

Note that “Industrial Accident” appears to but one-half the extent it did in 1913. 


Ref.: Davis, Jerome and Barnes, Harry E., Readings in Sociology, D. C.Heath and Co., 1927. p. 907. 


Descriptive formula: Su = tT -1 : % t P p . q 
Legend : 

Su = The situation 

records for each of 

tT -1 = 2 particular periods: 1913, 
1923-24 

: = the corresponding 


Quantic number = 9 ;0 ;0 ;1 

%P ~ numbers and %’s of cases 

of 

| p = 6 causal types and their sum 
subclassified into 
[q — 4 agencies 
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S. 12 


INFANT MORTALITY 
THERMOMETER 


MATERNAL MORTALITY 
THERMOMETER 


Hungary - 
Chile- 


Austria- 

German Empire- 
Japan- 
Serbia~ 
Italy- 

France- 
Scotland'- 
England & Wales- 
Netherlands" 
Sweden - 
Nonvay^ 
NEW ZEALAND' 






300 “ 



= 

275- 





250~ 




- 



- 

??V 



- 

200- 




175~ 



— 

150- 



— 

125- 





10Q- 



- 

75- 



- 

I 




50- 



- 

if 







- 


-Russia 


■Roumania 

-Bulgaria 


Spain - 


Switzerland- 

Belgium- 

Australia- 

Japan - 
NEW ZEALAND- 

France - 


-Belgium Italy - 

/UNITED STATES Norway- 


Switzerland 

Ireland 


Sweden- 


22, 

r. 


— 

20 



— 

18 



— 

_J 16 



— 





14 








JU. 



— 

10 



— 

8 



— 

6. 




4 



- - 

2_ 



— 

0 







UNITED STATES 
Scotland 


-Hungary 

-Ireland 

-England & Wales 
-Prussia 


These thermometers, devised by the Children’s Bureau, show the deaths under 
1 year of age 'per 1000 deaths for the year 1916, and the average death-rate per 
100,000 population from conditions related to pregnancy and childbirth, 1900-1910 


Ref.: Editorial, “Red Tape Made Colorful,” Survey, Yol. LXIII, No, 10, February 15, 1930, 
p. 603. 


Descriptive formula: Si* = (%P p : t'T" l ) Q 

Legend: 

S 12 = The situation 

records 

%P = the death rate 
| P = in mother and infant plurels 


t <T~ l = 


Quantic number = 9 ;0 ,*0 ;1 

for corresponding specified 
periods 

in each of 
23 countries 
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S. 13 



Change in the average size of families in the United 
States, 1790-1900. Percentage distribution of families ac- 
cording to the number of members in the family, as re- 
corded in the first and twelfth censuses. The curves show 
that large families were much more common at the earlier 
date, the mode (the family having the largest percentage or 
frequency) at that time being about five, while at the latter 
date the mode was three. At the latter date, also, there are 
less than half as many large families (ten or more persons) 
as at the earlier date (cf. “A Century of Population 
Growth,” Government Printing Office, pp. 97-98). The 
data here plotted are as follows: 

Persons in 

family: 12 3 4 5 6 7 8 9 1011 + 

Per cent of 
families in 

1790 : 3.7 7.8 11.7 13.8 13.9 13.2 11.2 9.0 6.5 4.2 4.9 

Per cent of 
families in 

1900: 5.1 15.0 17.6 16.9 14.2 10.9 7.7 5.2 3.2 1.9 2.2 


Ref.: R e i n hardt and Davies, Principles and Methods of Sociology, Prentice- 
Hall, 1932, p. 484. 
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CHANGE, 1 T- 1 
S. 13 (i Continued ) 

Descriptive formula : S !3 = t T~ 1 : p ; Zq P Quantic number = 9 ;0 ;0 ;1 

Legend: 

S13 = The situation : = with the corresponding 

records for each of 2q| = number of families of each 

‘T" 1 = 2 dates, 1790, 1900 S1Ze 

p P = the number of persons per 
family, i.e., 11 size-plurels 

Comment on notation : 

The populational class-interval scripts illustrate a homosectoral frequency 
distribution, here a distribution of plurels-by-siae. 
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S. 14 ( Continued ) 


Descriptive formula: = 'T' 1 : p, P : 1° 

Legend: 

Sh = The situation 

records for each of 

tT -1 = 18 years (abscissae) 

'| = beginning in 1919 

P = the number of Germans un- 
employed (ordinates) 


Quantic number = 9 ;0 ;0 ;1 

together with 
p, [ = 3 typical persons 

and 

1° = their emotional reactions 
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CHANGER T-i 
S. 15 ( Continued ) 

Descriptive formula: Sis = t : uTY 1 : P p : 1° 

Legend : 

S 15 = The situation 
records 

tT -1 = for a series of ages 

u | = and subperiods (paleolithic, 
etc.) 

| t = in 2 chronologies (Europe and 
the Orient) 

Comment : 

This situation records processes of differing, J° (Eq. 25a, Ch. X), as qualita- 
tive implements, activities, and peoples are replaced by later ones ; and roughly 
suggests the process of dissimilaming t |si (Eq. 26, Ch. X), as the number of 
such qualitative entities increases with invention. 


Quajitic number = 9 ft ;0 ;1 

P p — the dominant peoples 

with their corresponding 
I? = achievements 
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S. 16 



VflcationlWusts 



TisHittg- Golf-Campi»^ 

VHouHtoin Ato *u4 SHMshUt 


Woflur 



Tiniiivin£- Hombaclc 

Ridm* - FarTui'^i<r 

Swimming -Timms 

Pancing-Hiking 


^ill ^ Cumtra Smiling- Pack 

Trips -Wouiiliiii Climbing 

PriviK^ — Si^WT Siting 
— v. 'Bridffi - Good Tood 

*?iij (im]\ SMts- Swings -Sandbox 
^ Uurstri) jjamis-'PoMii Arina 

VtaVadAs upTo 

AMOTMI* TRIUMPH OP THI PROGRUSWC 
UMIOH PRCITIC 


Ref.: Time, April 25, 1938, p. 33. 


Descriptive formula : Si6 = p P : (I°T° ’ _1 )i Quantic number = 9 ;0 ;0 ;1 

Legend: 

Sie = The situation of 

records for each of I°T° = qualitative states 

p P = 6 persons or 

|i = a series PT -1 = activities 

Comment on notation: 

This situation illustrates the use of the attribute symbol, 1°, divided by time 
denote a velocity of a qualitative change, i.e., an event or activity unspecified 
amount. 




Ref.: Modley, Rudolf, How to Use Pictorial Statistics , Harpers, 1937, pp. 114-115. 


Descriptive formula: Sn = p P : (I 0 '! -1 )! : * 

Legend: 

S 17 = The situation 

records with respect to 

p P = 2 houseworkers 
(I°T~i) — activities 

in each of 


Quantic formula = 9 ;0 ;0 ;1 

|i = 2 classes (with and with- 
out electricity) 

of 

I,- = 12 kinds 
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S. 18 


Question 

Before 

After 

Gain 

Loss 

1. Do you believe in God as a supreme, all 

yes 

yes 



powerful, all knowing, personal being who 

49 

51 

2 


holds direct communication with man? 

no 

no 




17 

24 

7 


2. Do you believe that God created the world 

yes 

yes 



and all contained therein in the manner de- 

45 

27 


18 

scribed in the first chapter of Genesis? 

no 

no 



24 

46 

22 


3. Do you believe that man was created by a 

yes 

yes 



single act and in the image of God as de- 

44 

16 


28 

scribed in Genesis? 

no 

no 




24 

58 

34 


4. Do you believe that the Bible is verbally 

yes 

yes 



inspired? 

25 

14 


11 


no 

no 




38 

53 

15 


5. Do you believe that Christ rose from the 

yes 

yes 



dead on the third day after his burial leav- 

49 

53 

4 


ing the tomb empty? 

no 

no 




18 

17 


1 

6. Do you believe that Jesus Christ was “ the 

yes 

yes 



only begotten Son of God ” bom of a virgin 

43 

31 


12 

and without a human father? 

no 

no 




23 

37 

14 


7. Do you believe in miracles as events brought 

yes 

yes 



about through divine interference with the 

46 

19 


27 

laws of nature? 

no 

no 




21 

51 

30 


8. Do you believe in a Heaven and a Hell as 

yes 

yes 



definite places where the righteous and 

26 

5 


21 

wicked will spend eternity? 

no 

no 




39 

68 

29 


9. Do you believe in prayer as a means of alter- 

yes 

yes 



ing the regular operation of natural law? 

17 

10 


7 


no 

no 




47 

58 

11 


Total 

yes 

yes 


118 


344 

226 



no 

no 




251 

412 

161 


Total Gain Yes 



6 

124 

Total Loss No 



162 

1 


Ref.: Biunffwies, W. G., “Measuring Changes in Opinion,” Sociology and Social Research, Vol. XVI, 
Sept., 1931, pp. 144 and 145. 
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CHANGE , 1 T - 1 
S. 18 ( Continued ) 


Descriptive formula: Sis = t'T 1 :I? : P 

Legend: 

Sis = The situation 

records for each of 

*1=2 dates 

and for 

t ,T _1 = their unspecified interval 

for each of 


Quantic number = 9 ;Q ;0 ;1 

I? = 9 attributes (of belief) 

P = a frequency of persons en- 
dorsing 

,'T : P = including gain or loss of 
endorsers 


Comment: 

As usual in situations involving votes, attitude tests, etc., these can be con- 
sidered as indices of desire, D, in the tension theory. In this situation, each vote 
(i.e., endorser) is one unit of the observed population’s intensity of desire, D, 
for that qualitative desideratum (belief), 1° = V°. Beliefs showing increase of 
endorsers are evaluated , + t D, while beliefs with decreasing endorsers are de- 
valuated, — JD. The shifts between the nine beliefs is the process of r evaluating 
a collection of desiderata and is measured by R1 (Eq. 53, Ch. X). For the nine 
beliefs together by the indicator of affirmation (“yes”) R1 = 35% and by the 
indicator of denial (“no”) 39%. The situation excerpted omits those who were 
neutral or had no opinion. Averaging the two indicators, yields 37% of maximal 
revaluating recorded in this situation of religious beliefs. 


t '%(PD or sB) t '%(PD) s 



Affirmers 

Non-affirmers 


-35% 
+ 35% 

0 


1225\ 

1225 JX .5 

2450/ 


1225 Vl225 = 35% = Rl) 


Since the desideratum is a unitary one, V° = 1, the tension is also measured 
by the number of votes t (PD = V°E = P = E), so that the process of retensing , 
Rt, (Eq. 57d, Ch. X) has the same index as revaluating. Also by considering voters 
as changing from one belief-plurel to another, mobility is measured by the same 
index, Mb = Rt = HI here. 
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S. 19 

ONE CENTURY COMPARED WITH ALL 
PRECEDING CENTURIES 


Some Steps in Progress in the 
Nineteenth Century 

1. Railways 

2. Steamships 

3. Electric telegraphs 

4. Telephone 

5. Matches 

6. Gas illumination 

7. Electric lighting 

8. Photography 

9. The phonograph 

10. X-rays 

11. Spectrum analysis 

12. Anaesthetics 

13. Antiseptic surgery 

14. Principle of conservation of energy 
established 

15. Molecular theory of gases 

16. Velocity of light directly measured 
and earth’s rotation experimentally 
shown 

17. The discovery of the uses of dust 

18. Chemistry, definite proportions 

19. Meteors and the meteoritic theory 

20. The proof of glacial epochs 

21. The proof of the antiquity of man 

22. Organic evolution established 

23. Cell theory and embryology 

24. Germ theory of disease 


Some Steps in Progress in All 
Preceding Ages 

1. The mariner’s compass 

2. The steam engine 

3. The telescope 

4. The barometer and thermometer 

5. Printing 

6. Arabic numerals 

7. Alphabetical writing 

8. Modem chemistry founded 

9. Electric science founded 

10. Gravitation established 

11. Kepler’s laws on the Motion of 
Planets 

12. The differential calculus 

13. The circulation of the blood dis- 
covered 

14. Light proved to have finite velocity 

15. The development of geometry 

16. Gunpowder 

17. Paper 

18. Fire making 

19. Tool making 

20. Agriculture 

21. Domestication of animals 

22. Metals and pottery 


Ref.: Marshall, Leon C., The Story of Human Progress, Mac milla n, 1925, p. 169. 

Descriptive formula: S 19 = tT -1 : 1? Quantic number = 9;0;0;0 

Legend: 

S 19 = The situation I? = qualitative characteristics of 

records for each of progress, 46 in all 

tT -1 = 2 periods (19th century and 
all previous centuries) 

Comment: 

The process of dissimil arizing + t |si, is illustrated, and also the process of 
progressing for those plurels which desire these tc steps,” so that the number of 
steps becomes the quantity of the desideratum + t |si = +tV, in the tension 
theory. 
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S. 20 
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History of Some of Our Letters 


What ones can easily be traced back to 
Egypt? 


Ref.: Marshall, Leon C., The Story of Human Progress, 
Mac mill an, 1925, p. 223. From Clodd: The Story of the 
Alphabet, D. Appleton and Co. 


Descriptive formula : S 20 — T^ 1 : u • Ii 

Legend: 

S20 = The situation 

records for each of 

| t = 5 qualitatively characterized 
periods 

T -1 = of indefinite duration 

and their 


Quantic number = 9 ;0 ;0 ;0 

\ u = several subperiods 
: = the corresponding 
1° = shape, or symbol, 

of 

|i = the 22 letters of the alphabet 


Comment : 

The process here illustrated is an aggregated differing (J°)i (Eq. 25, Ch. X), 
the changing of the qualitative nature of each of a collection of characteristics. 
(Although an aggregated process, since the aggregated indices are homogeneous, 
it is nearer to the single process of tl differing 5 ’ than to the heterogeneous aggre- 
gated processes discussed in section IV of Chapter X.) 

































































MAJOR FOCI OF ATTENTION IN SOCIETARY ENERGY 1,2 


Cognition 

Apprehension, 
perception of 
objects and con- 
ditions of the 
world, including 
V ^ 


2 

— Interest 

Focusing of par- 
ticular atten- 
tion upon V, 
as distinguished 
from others. 


3 

— Desire 

Deepening of in- 
terest in V 
and awakening 
of feeling that 
its possession 
should be 

sought (or 
avoided) for 
purpose of se- 
curing satisfac- 
tion 


4 

— > Attitude 

Mobilisation of 
the several de- 
sires concerning 
V into a sin- 
gle set-for-ao- 
tion for or 
against its at- 
tainment. Po- 
tential action; 
incipient be- 
havior 


5 

Action 

Unless pre- 
vented, poten- 
tial action 
passes into 
overt action, 
utilising physi- 
cal energy, in 
effort to secure 
or avoid V 


Value is the object of each of the 5 in turn. It is attached to some form of 

(1) New Experience (4) Response 

(2) Security (5) Self-giving 

(3) Recogniion (6) Self-expression 



Ref.; Eubank, Earle E., The Concepts of Sociology, D. C. Heath, 1931, p. 202. 


Descriptive formula: S21 = t T~ 1 : 1 ,° ; j Quantic number = 9 ;0 ;0 ;0 

Legend: 

S21 = The situation IJ = a “ value,” V 

records for in 

T7 1 “ an indefinite period il = 6 subforms (“new experi- 

^ ence” to “self-expression”) 

*1 = 5 successive stages 

Comment : 

The successive psychological states are an example of a series of qualitative 
changes which is defined as the process of differing ( J°) in Eq. 25 a, Ch. X. 
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S. 22 


TECHNIQUES OF CONTROL, ARRANGED ACCORDING TO THE 
ASCENDING LEVELS OF INTERSTIMULATION 


Farm of Stimulus (from the controller) Form of Response (by the one controlled) 

I. General I. General 


1. General previous con- 
ditioning 

II. Specific 

2. Stimulus of mere pres- 
ence 

3. Suggestion 

(a) By setting a copy 

(b) By initiating a 
thought 


These may be conscious 
or unconscious, and either 
intentional or uninten- 
tional, on either side 


1. Response to general 
previous conditioning 

II. Specific 

2. Spontaneous Reaction 
to mere presence 

3. Imitation 

(a) Mimetic (replica- 
tion) 

(b) Non-mimetic 


4. Persuasion 

(a) By appeal to emo- 
tion 

(b) By appeal to reason 

5. Coercion 

(a) Non-violent, using 
psychological pres- 
sure 

(b) Violent, using physi- 
cal force 


'4. Concurrence 
(a) Emotional 


These can only be both 
conscious and intentional 
on both sides 


(b) Rational 
5. Acquiescence 
(a) Compliance 


(b) Submission 


Ref.: Eubank Earle Edward, The Concepts of Sociology, D. C. Heath and Co., 1931, p. 234. 


Descriptive formula: S 22 = tT -1 : : I? : j ; k,i 
Legend: 

S 22 = The situation 
records 

tT -1 = 2 stages (stimulus and re- 
sponse) 

:: = cross-classified with 
1° = qualitative characteristics of 
interstimulation 


subclassified into 


2 major classes 


r general 
« and 
specific 


Quaniic number — 9 ;0 ;0 ;0 
and 

|i = 5 minor classes 
* 

and 

|t = 6 subclasses 

and 

| ! = 2 all-or-none other attributes 
are also noted (“ conscious” 
and “intentional”) 


Comment: 

This situation is on the borderline of being the “quantitatively recorded 
societal situation” which alone S-theory claims to analyze. Its tabular form is 
an irregular matrix with qualitative verbal cell entries. As these change in 
tim e from the s tim ulus to the response stages, the S-theory aggregated pi< 
of differing ( J°) i is illustrated. (Eq. 25a, Ch. X.) 
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Number of Styles 


Vitrified paving brick 66 

Metal lath 125 

Woven wire fencing 552 

Woven wire fence packages 2,072 

Asphalt penetrations 88 

Roofing slate 60 

Hollow tile 36 

Rough face brick 39 

Smooth face brick 36 

Files and rasps 1,351 

Range boilers 130 

Beds, springs and mattresses 78 

Bed blankets — sizes 78 

Forged tools 665 

Blackboard slate 90 

Bolts and nuts (plows) 40% 

Rej.: Chase, Stuart, The Tragedy of Waste , Macmillan, 1925, pp. 168-169. 

Descriptive formula: S 23 = t T _1 : 1? : 21 

Legend: 

S 23 = The situation 
records 

*| = on 2 dates 
T -1 = with an unspecified 
time interval 
1° = manufactured articles 

of 

Comment : 

This shows that the process of assimilarizing, Jsj (Eq. 26, Ch. X), is recorded 
in each of an aggregation of 16 manufactured articles. 

The operation of summing attributes, i.e. counting the number of them, con- 
verts the aggregated nullary indicator into a primary indicator with a quantic 
digit of unity. 


Actual 

Proposed 

Simplification 

66 

5 

. 125 

24 

552 

69 

2,072 

138 

88 

9 

60 

30 

36 

19 

39 

1 

36 

1 

1,351 

496 

130 

13 

78 

4 

78 

12 

665 

351 

90% elimination endorsed 

40% 

“ it 

1 . 168 - 169 . 

Quantic number = 9 ;1 ;0 ;0 


= 16 types 
: = each subclassified 

into 

sj — a number of styles 
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S. 24 



Ref.: Card No. 5 of the “Facts on Disarmament” Exhibit, Disarmament Educa- 
tion. Co mmi ttee, 629G St., N. W Washington, D. C. * 


Descriptive formula : S 24 = t'G.rJT -1 )! 

Legend: 

S24 = The situation 
records 

t '| = in 1920 
T -1 = the annual 

g.%1 = appropriations (in $ and % 
units) 


Quantic number = 9 ;1 ;0 ;0 
for 

|i = 5 kinds of Government ex- 
penditure 
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S. 24 ( Continued ) 


Comment , 


The process of effective competing between the Federal Government’s func- 
tions is illustrated. The index of competing, Cp (Eq. 47a, Ch. X) is 40%, where 
with five competitors starting equally from zero appropriation at the beginning 
of the year the “roof,” or maximal, Cp is 63%. This means 40/63, or 63.5% 
of a complete monopoly of Federal expenditures by one of the five functions 
listed. 

S. 25 
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Estimated Total Hoese Power Available on Farms of t he Unit ed States 


Ref.. President s Research Co mmi ttee Social Trends, McGraw-Hill Book Co., 1933, p. 101. 


Descriptive formula: S25 = £T _1 :Ii 

Legend: 

S25 = The situation 

records for 


* 1-8 

T -1 = decades 
Comment: 


Quantic number = 9 ;1 ;0 ;0 

'| = beginning in 1850 
I = an indicator of horsepower 

for each of 
I i = 10 prime movers 


This S-situation illustrates three processes as defined by the V-theory. 

1. “Progressing,” + t V 

Assuming that horsepower is a desideratum, i.e., an indicant desired by 
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farmers, I = V, gives + t V (the quantity of the desideratum is increasing with 
time). As this is due to human effort, it is Vco, “co-operating/ ’ 


‘ ‘ Progressing ” or “ Co-operating ’ 7 


— + A Co — 


100(1930h p . - 1850 Hp .) 
1850 Hp . 


% increase 


100(70 X 10 6 - 7 X 10 6 ) 
7 X 10 6 


900% in 80 years 


This is an average annual velocity of the process of co-operating to increase farm 
horsepower of 11.25% of the amount in 1850. 

2. Dissimilaming, +tlsi 

As the number of sources of horsepower increases from 3 kinds in 1850 to 
9 kinds in 1930, “dissimilaming” has gone on, and its amount is t |si = 6 or 
200% increase for the 80 years, or at an average velocity of 2.5% a year. 

3. Competing, Cp 

“Competition” between prime movers can also be said to exist. Thus of the 
original animal competitors over the whole period the oxen lose ground, while 
mules and horses gain ground, but new motor competitors gain ground from 
scratch. Most of the total gain in horsepower is the process of “progressing,”— 
fanners now use more horsepower — and only a fraction is competitive in dis- 
placing former types of horsepower. Using the percentage form of the index of 
competing, calculating from readings of the graph, the computation might pro- 
ceed as follows : 



1850 

1930 

1930-1850 j 

1 

% 

Hp . in 10 6 

AT ! 

% 

1 

Change , rl = 

t ' V * 

Harvesters 

0 

2 

2.9 

4 2.9 

8.41 

Trucks 

0 

22 

31.4 

+ 31.4 ! 

985.96 

Electricity 

0 

2 

2.9 

4 2.9 

8.41 

Gas tractors 

0 

22 

31.4 

+ 31.4 

985.96 

Gas engines 

0 

3.5 

5.0 

+ 5.0 

25 . 

Steam engines 

0 

1.5 

2.1 

4 - 2.1 

4.41 

Windmills 

0 

0 + 

0 

0 

0 

Horses 

62 . 5 % 

13 

18.6 

- 43.9 

1927.21 

Mules 

6.25 

4 

5.7 

- .55 

.30 

Oxen 

31.25 

0 + 

0 

- 31.25 

976.56 


100 . 00 % 

70 

100.00 

0 

4922.22 

1 


(.St'Vy* 5 = 50% = Cp in the 80 years (by Eq. 47, Ch. X). If, with less detail, 
biological sources and mechanical sources of horsepower are taken as the two 
competitors, Cp = 76%, or an average velocity of competing of just under 1% 
a year. This means 76% of complete reversal from an initial monopoly of bio- 
logical sources towards a terminal monopoly of mechanical sources of horsepower 
used in agriculture. 
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S. 26 



Ref,: Hart, Homell, The Technique of Social Progress, Henry Holt, 1931 , p. 60 . 


Descriptive formula: S 26 = t T~ 1 : 1 

Legend: 

S 26 = The situation 

records for each of 

t T _1 = 15 dates from 1,500,000 b.c. 
to date 


Quantic number = 9 ;1 ;0 ,*0 

I = an indicator of efficiency of 
cutting tools 
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S. 27 



Descriptive formula : S 2 7 = t ! uT 1 : 

Legend: 

S 27 = The situation 

records for each of 
t] = 2 periods 

a:z | = (which are not consecutive, 
as their corresponding limit- 
ing dates are stated) 


Quantie number = 9 ;1 ,*0 ;0 

uT” 1 = subdivided into 18 years 

Ii = 2 indicants (of business and 
voting) 

ff | = in sigma units 


Comment: 

In the tension theory, since the desideratum Y° = party in power = 1 and 
the average intensity of desire = D = one vote, 

P = E, i.e., the number of voters = the amount of political tension 

The graph studies, but does not explicitly calculate, the correlation between 
political and economic tensions as measured by these indices. In a business 
depression economic desiderata (jobs and income), Ve, decrease (regressing, 
— iVe) and hence tensions increase (+JEe), ass umin g P and D unchanged.^ 
The graph suggests recovaiying of economic and political tensions asserting 
the hypothesis that: 

tEp • E > 0 (Eq. 104, Ch. X) 

which asserts positive correlation of political and economic attensing as here 
indirectly measured. The size of r is not stated. 
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S. 28 



Ref.: Reinhardt and Davies, Principles and Methods of Sociology, 
Prentice Hall, 1932, p. 588. 


Descriptive formula : S® = (T -1 : Ii Quantic number — 9 ;1 ;0 ;0 

Legend: 

S 28 = The situation 

records for each of 

tT -1 = 30 years 

'| = beginning in 1882 

Comment: 

If, in addition to the correlation revealed, there is shown to be a time lag of 
crime behind price changes (by more accurate methods than mere visual in- 
spection of the graph), then two of the necessary conditions for proving that 
the economic factors indicated in this situation are part ial causes of crime (to 
the extent of the r) are fulfilled. 


of crime 

Ii = 2 indicators - and iye 

k prices 
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S. 28 ( Continued ) 


t 


Comment on notation: 

The two time curves are merely compared in the graph and hence their fr 
indicators are symbolized as aggregated (Ii). If the implied correlation wc 
calculated and explicitly stated, the process of re co varying Brief-S = r ( t I« 
would be developed and the two indicators would be symbolized in the standa 
formula as correlated, t T~ 1 : Ii • Ij. [ s = 9 ;2 ;0 ;0. 

S. 29 


INDICATING THE GENERAL PROCESS AND ITS FOUR 
INTERRELATED SPHERES OF ON-GOING 



IN EACH OF THE FOUR SPHERES! 

x = The Unknown Beginning 
y = The Unknown Terminus 
A = The point at which our knowledge begins 
B = The point at which our knowledge ends: i.e. 
the present moment 

A B — The span covered by human knowledge in each 

case 


Ref.: Eubank, Earle E„ The Concepts of Sociology, D. C. Heath, 1931, 
p. 64. 
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S. 29 ( Continued ) 


Descriptive formula: S 29 = L *• tT ” 1 

Legend: 

S 29 = The situation 

records for each of 

|i = 4 spheres of nature 

I = an implied amount of “on- 
going” 


Quantic number = 9 ;1 ;0 ;0 

in each of 
t| == 3 periods 

of 

T -1 = unspecified duration 


Comment: 

The recorded situation is a second-degree matrix of order |i X t| =4X3. 
It has five vectorial dimensions, |i + | t ' = 4 + 1 , representing the 4 indicators 
and time. The vertical ordinate suggests implicitly the amount of change (per 
period of time along the abscissa). The process illustrated is the most general 
one of indicating, (J) (Eq. 28, Ch. X). 
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S. 30 


SOME REASONS WHY HOUSES COST MORE 



1800 


Fireplace 

Tallwoods 


1S80 




£53E l 


1900 


1925 


Gas Cisterns Electricity, Furnace, Everything Automa- 
Lightning Rods Sewers, Gas Grate tic, Radio, Garage 
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What the actual structure of a house costs is today hardly more than 
what the site, fixtures and appliances cost, and the ratio of structure to 
site and utilities is steadily falling. Mr. Wright’s graph indicates that the 
proportion of houses to multi-family dwellings in new city building falls 
at much the same rate, so that in another fifty years the auxiliary costs 
will wipe out the single-family house in large cities. 


Ref.: Wright, Henry, “The Road to Good Houses,” Survey, Vol. LIV, No. 3, May 1, 1925, 
p. 166. Original source of illustration: Journal of the American Institute of Architects. 


Descriptive formula: S30 = iT -1 : %Ii : 1 ° 

Legend: 

S30 = The situation 

records for each of 

t| = 17 

T -1 = decades 
'[ = beginning in 1800 


Quantic number ~ 9 ;1 ;0 ;0 

Ii = 2 indicants of housing 
r 0 | = in percentage terms 

and 

1° = qualitative characteristics of 
the housing 


Comment: 

The curve is projected into the future, predicting that, if the current trend 
con tinu es, by 1970 the cost of the house structure will be only about 15% of 
the total cost of site, structure, fixtures, and appliances of a home. 
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S. 31 



Precognition or the subconscious 


Hig her thou g ht processes 
Stream of consciousness 
Perceptual consciousness 

Conduct 




Ref.: Thurstone, L. L., The Nature of Intelligence Harcourt Brace and Co., 1924, p. 43. 


Descriptive formula: S 31 — “P : ^.T -1 : T 

Legend: 

S 31 = The situation 

records for 
~P = any person 

T -1 = an unmeasured time period in 
the neural system 

with 


Quantic number = 9 ;1 ;0;1 

th| = particular points and one 
period indicated 

with a corresponding 

*1 = ordinal indicant of “ideomotor 
tendency” (varying from the 
subconscious to behavior) 


Comment: 

The lower limit of societal situations is when the population shrinks to one 
person. S-theory covers this limiting case and hence can symbolize much of the 
phenomena of psychology. 

Comment on notation : 

The vertical ordinate in the diagram representing “ideomotor tendency” is a 
continuum without cardinal units but marked by ordinal points 0 |) identified 
by such labels as “instincts,” “the subconscious,” on to “conduct.” 

The underlining of a capital letter script denotes an indefinite or unidentified 
individual, i.e., any person taken as a type. 

The implied correlation between time and the ideomotor tendency, i.e., the 
trend for ideas to go from the subconscious into overt action as time goes on, 
is not developed operationally in the situation as recorded by calculating any 
form of the correlation coefficient, and hence their symbols are connected by 
the colon and not the dot. This correlation is T • I. 





Ch. X] 


CHANGE, 1 T-* 


641 


S. 32 



Ref.: Yano, T. and Shirasaki, K., Nippon, A Chartered Survey of Japan, Kukuset-Sha, The First 
Mutual Building, Kyobashi, Tokyo, 1936, p. 413. 


Descriptive formula: S32 = Pp : t^IT -1 )! . j 
Legend : 

S32 = The situation 

records for each of 

P p = 6 nations 
T -1 = the annual 
I = budgets 


Quantic number = 9 ;1 ;0 ;1 

t ,| = in 1933-34 

classified into 

|i = expenditures and revenues 

and 

|j = their 5 subclasses 
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Ref.: Duxanty, Walter, “U. S. A. and U. S. S. R.,” Survey, Vol. LXVIII, No. 15, 
November 1 1932, p. 538. 

Descriptive formula : S 33 = P p ^(IT” 1 )! Quantic number = 9;1;0;1 

Legend : 

S 33 = The situation %I = production in % units 

records for each of of each of 

P p = 2 national plurels |i — 9 co mm odities 

T -1 = the annual 

Comment : 

In situations such as this, a coefficient of contingency between nations and 
commodities would measure the tendency towards regional specialization in 
production. Insofar as natural resources make for cheaper production in some 
localities, this is good economically, but is not desired from the political point 
of view of national self-sufficiency. Change of the coefficient of contingency 
after a period measures the trend for economic or political considerations to 
dominate effectively. This coefficient measures for qualitative data not suitable 
for a correlation coefficient, a variant form of our reco-ordinating process, where 
+ r (t'IJ) means economic factors are becoming stronger and — r ( t 'IJ) means 
political factors are becoming stronger in the situation as measured. Such meas- 
ures, refined and qualified more carefully, can be the means of checking hypothe- 
ses and predictions on societal issues. 
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S. 34 



Ref.: Gillin, Dittmer, and Colbert, Social Problems, 
Century Co., 1928, p. 317. 


Descriptive formula: S34 ~ (J • %E)T 

Legend: 

S34 = The situation 

records for each of 
i| = 7 class-intervals 

of 


Quantic number = 9 ;1 ,*0 ;1 

I = an indicant of income 
T -1 = per year 

: = the corresponding 
%P — infant mortality rate 


Comment: 

Although operationally undeveloped, since a correlation ratio of income and 
mortality has not been calculated in these data as presented, this situation could 
illustrate our reco-ordinating process, the correlation of two dynamic indices. 
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Ref.: Chapin, Stuart F., “Theory of Synchronous Culture Cycles,” Social Forces, 
Vol. HI, No. 4, May, 1925, p. 598. 


Descriptive formula: S 35 = (T -1 : P p : Ivi 

Legend: 

S 35 = The situation 

records for each of 

tT -1 = 85 years 

'| = beginning in 1840 

for each of 


Quantic number = 9 ;1 ,*0 ;1 

P p = 2 political plurels 
|si = the number of kinds 

of 

1° = Government activities 


Comment on notation: 

The operation of summing, denoted by the 2, converts, as usual, the aggre- 
gative descript into a single number (see S-rule #60 in the Appendix). This 
could be equivalently written as an indicant where each activity, IJ, is the unit, 
so that I|i = I +1 . The quantic digit is one 9 ;1 ;0 ;1, as a quantity is denoted in 
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S. 35 {Continued) 

the indicatory sector and not a mere quality. The descriptive formula, how- 
ever, shows the quantity to be an increasing number of qualities rather than an 
increasing amount of some one quantity. This is the process of dissimilarizintr 
Eq. 26, Ch. X. 


S. 36 


DISTRIBUTION OF 

INCOME 

FAMILIES 

INCOME 

GROUP 

INCOME 

A 

OVER \ 

110.000 \ 

• •••• / 

/% T\ 

$5000 \ 

10.000 \ 

• •4 / 

/ % * % *\ 

$3000 \ 

5000 \ 

• •• / 

/*• *iii\ 

$2000 N 
3000 

\ ••• / 

/nnn\ 

$1500 

2000 

at*7 


$1000 

1500 

KTS^M 

/HHhmr 

i UNDER 
\ $1000 

^ W 

Each lymbol Fepfiunh 1 million -families 

Eoch lymbol repi-events 5 billion dotfdry 


Ref.: Pictorial Statistics, Ine., New York. 


Descriptive formula: Sm = ^IT -1 : Sp P) 

Legend: 

Sse — The situation 

records in 

i| = 7 class-intervals of income 
T -1 — the annual 


Quantic number = 9 ;1 ;0 ;1 

I = income of fa mili es 
: = and the corresponding 
2 P P = number of families 


Comment: 

For other graphs of the distribution of income see S. 9, Ch. Y, the line of 
equal vs. the curve of unequal distribution; S. 31, Ch. VI, the percentage frequency 
distribution for each of three educational levels; S. 13, Ch. XI, showing trends 
for wage income increases to lag behind profits and stock income increases; 
S. 20, Ch. XII, for the typical skewed frequency distribution curve of incomes in 
a capitalistic society; S. 40, Ch. X, for wage ogives by regions ; and for closely 
related analyses of costs of living, see S. 32, Ch. XI, and of differential family 
budgets, S. 47, Ch. X, and of trends of income throughout life for uneducated 
and educated persons, S. 7, Ch. XII and S. 26, Ch. XII. 
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S. 36 (< Continued ) ’ 

Although scattered through five chapters, due to the necessarily linear route 
of discussing the topics of the quantic classification, these are actually all * a 
contiguous region of the quantic solid, S. 33, Ch. II, namely, the t ;1 ;0 ;1 array 
of distributions. These are distributions of a population, P, in a money charac- 
teristic, I, studied with time varying from momentary through changing to 
accelerating situations (including durations in analyses by age) . The exposition 
proceeding in sequence from topic to topic cannot treat simultaneously all the 
interweaving relations of societal phenomena. But frequently the quantic solid 
shows the unity of some section of phenomena which is obscured by the chapter 
divisions. 


S. 37 



Fluctuations in the Status of Women and Children in 
Euro - American Civilization 


Ref.: Hart, Homell, The Technique of Social Progress , Henry Holt, 
1931, p.356. 


Descriptive formula: S 37 = u/tT -1 : P, : I Quantic number = 9;1;0 ;1 

Legend: 

S 37 = The situation 

records for each of 

tT -1 = 7 half millennia 
'| = beginning in 1500 b.c. 

Comment: 

To any plurel to whom higher status for women and children is a desideratum, 
the curve records progressing and regressing in the “grading” process (Eq. 33, 
Ch. X) of the tension theory. If the varying throughout the centuries of this 
grading were calculated, the process of revarying (or “instability”) *(*1) would 
be measured (Eq. 58, Ch. X). 

* Except S. 6, Ch XI (]* = 8;1;0;0) which is not a distribution, of income but an an- 
alysis of a causal trend towards increasingly unequal distribution. 


n | = including 3 named periods 

P, = the plurel for Euro-American 
women and children 

I = an indicant of status 
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THE TIME SECTOR, 

S. 38 {Continued) 

Descriptive formula: S 38 = P P : q • ( 2 -T°, Ti) Quantic number = 9 ;1 ;0 ;1 

Legend: 

S 38 = The situation 

records for each of 

( primary 
intermediate 
secondary 

|q = with corresponding sub- 
plureis (“Specific Examples 
of Type”) 

Comment cm notation: 

The “frequency of contact” is an unspecified number of dates not necessarily 
in sequence, which is denoted in the descriptive formula by 2 iT° but in the quan- 
tic by T -1 , since a plural date implies something going on in time and not a mere 
instant. The operation of counting the dates or summing the points in the time 
dimension converts a date into a period, a point into a line. This number of dates 
(if more definitely stated) would measure the periodizing process, the number 
of dates in a period. 

Note the indicatory case script denoting a point which, combined with the 
underlined indicant denoting indefiniteness, denotes an ordinal quantity, since 
in ordinals the points on a scale are specified but with unknown intervals be- 
tween them. 


3 -T° = the frequencies of contact 

and 

Ti = 4 sets of ordinal indicants 

r Type of contact 
^ Emotional intensity 
Means of communication 
^ Interdependence 
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That an average per capita incidence of taxation of LP. 1.350 is low, while an aver- 
age of LP.4.270 is high, becomes evident from a comparison with the per capita 
figures for other countries, as follows: 



LP. 

India (1927-28) 

0.173 

Bulgaria (1927-28) 

1.088 

Soviet Russia (1929) 

1.200 

Palestine (non- Jews) (1930) 

1.350 

Turkey (1929) 

1.400 

Japan (1929-30) 

1.636 

Egypt (1929) 

1.700 

Poland (1929-30) 

1.895 

Yugoslavia (1929) 

1.900 

Union of South Africa (1927-28) 

2.700 

Hungary (1929) 

3.100 

Switzerland (1929) 

3.137 

Finland (1930) 

3.217 

Italy (1929-30) 

3.423 

Czechoslovakia (1930) 

3.585 

Palestine (Jews) (1930) 

4.270 

Spain (1930) 

4.464 

Chile (1929) 

4.500 

Sweden (1929-30) 

5.132 

France (1929) 

5.300 

Denmark (1929-30) 

5.484 

Norway (1930-31) 

5.567 

Netherlands (1929) 

5.872 

Austria (1930) 

5.873 

Belgium (1930) 

5.930 

United States of America (1928-29) 

6.090 

Canada (1927-28) 

7.7S0 

Australia (1927-28) 

9.100 

Great Britain (1928-29) 

15.000 


Ref.: Granovsky, A., The Fiscal System of Palestine , “Mishar ve-Taasia” Publishing Co., Ltd,, 
Jerusalem, 1935, pp. 297—298. 


Descriptive formula: S 39 = (IP“ 1 T _1 ) p : t > 

Legend: 

S 39 = The situation 
records 

I = the taxation 
P -1 = per capita 
T -1 = per annum 

of 


Quantic number — 9 ;1 fi ;1 
[ p = 29 nations 

for 

| : t' = a corresponding period for 
each 


Comment: 

The mean per capita incidence of taxation for these 29 countries is 4.20 £P 
(= $20.41 in 1930) and measures the indicating process (J) (Eq. 28, Ch. X), 
while the standard deviation is 2.95 £P (= $14.33) which measures the reor- 
dinating process ff ( t I) (Eq. 46, Ch. X) in national taxation. 
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Per Cent 



■ United States 
N. Atlantic — * S Atlantic 

*■*■*• ■■ N. Central •— •— • S Central 

— — Western - Alaska 

Fig. 155. Chart Showing What Percentage of the Wage Earners in Different Portions 
of the United States Receive More than any Specified Amount of Earnings up to 
Twenty-Five Dollars per Week 

Ref.: Brinton, Willard C., Graphic Methods for Presenting Facts, Engineering Magazine 
Co., 1923, p. 181. 

Descriptive formula: S40 = i (IT x ) :%P Pl 2 p Quantic number = 9;1;0;1 

Legend : 

S 40 = The situation 

records for each of 
i| = 23 class-intervals 
of 

I = earnings ($) 

T -1 = per week 

: = the corresponding 

Comment: 

The tendency of wages to vary regionally from highest in the west to lowest 
in the south is not developed, in the situation as recorded, to the point of cal- 
culating the correlation. 


%P = percentage frequency of per- 
sons 

in each of 

| p = 6 U.S. regional plurels 

and in 

|s P = the TJ.S. as a whole 
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S. 41 


THE RATIO CHART 

Table V. Disbursement of Income of Acme Cg. 3 

1932-1934 


Years 

1 

Overhead 

Variable Costs , 

! 

Gross Profit 

wmm 

40% 

55% ! 

5% 

. vl 

40% 

50% i 

10% 

1934 

35% 

45% 

l 20% 



Disbursement of Income of Acme Co., 1932-1934 

(Trilinear Diagram) 


Ref .: Arlsin and Cotton, Graphs : How to Make and Use Them , 

Harpers, 1936, p. 89. 

Descriptive formula: S 41 = P, : ^T -1 : %Ii Quantic number = 9 ;1 ;0 ;1 

Legend: 

S 41 = The situation 
records 

P, = for the Acme Co. 

for each of 
tT -1 = 3 years 

Comment: 

This unusual type of tr ilin ear diagram is difficult to interpret. It is included 
here as further evidence of the comprehensiveness of S-notation in symbolizing 
any and, all quantitative sets of data in the social sciences, regardless of their 
form of presentation in graph, tabulation, or prose. 


'| = beginning in 1932 
Ii = 3 income indicants 
%\ = in percentage units 
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Ref,: Gillin, John, “Public Welfare and Social Work,” Social Forces, Vol. X, No. 3, March, 1932, p. 367. 


Descriptive formula: S 42 = Pp : %(IT~ 1 ) i 

Legend: 

S 42 = The situation 

records for each of 

P p = 21 occupational plurels in 
Madison 

T -1 = the annual 


Quantic number = 9 ;1 ;0 ;1 
donations 

to each of 

3 “ causes ” 
in % units 


Comment: 

From the contributor’s point of view the percentage (%D) given to each of 
the three types of charity measures that plurei’s relative valuation of each of the 
three. This is a doubly aggregated evaluating process — the evaluating is aggre- 
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(S. 42 Continued) 


gated once for the three values (V? = 3 charities) and again for the 21 plurels 
(| p ). The tension theory equation here is: 

(P° % D = Y°E)p : v (Eq. 105a, Ch. X) 

(%D = E) p : v (Eq. 105b, Ch. X) 


Since the desiderata are each unitary, “a charity,” the tension of a plurel 
towards each desideratum is identical with the intensity of desire of that plurel 
for that desideratum. 

As usual, at the present primitive stage of development of societal units, 
tension, E, is most easily measured in those situations where one or more of 
the other three factors are unity, thus simplifying the problem of compounding 
diverse units. 

From the point of view of the contributee, the donations are the desideratum, 
Y, desired, while D is unmeasured and | p = the 3 charity plurels. Defining the 
population as the contributees, results in the relative contributions measuring 
the process of competing. Cp, the index of effective competing (Eq. 47a, Ch. X) 
varies from 56% among the farmers, where religion has almost a monopoly of 
their donations, to a Cp of 14% among professors, where the three charities 
compete somewhat more equally. 


For Professors (by Eq. 

Religion 

Charity 

Education 


50, Ch. X) 

V' 100 U 

48 - 33.33 

32 - 33.33 

20 - 33.33 


(.5 X 394.67) * 5 = 14 


v%y 

v%V % 

+ 14.67 

215.21 

- 1.33 

1.77 

- 13.33 

177.69 


394.67 


S. 43 



The unevenness and unpredictability of 
sickness and the inequality of family in- 
comes from which it must be met are at the 
bottom of the problems toward whose solu- 
tion the experiments described in these 
pages are aimed. 


HOSPITALIZED ILLNESS 

Strikes Only 
One Person in 15 
per Year 



Half of 

All Family Expenditures 
For niness 



Ref.: Davis, Mi cha el M., “Change Comes to the Doctor," Survey Graphic , Vd. XXIII, No. 4, April, 
1934, p. 165. Charts from A Picture-Book about the Costs of Medical Care, Julius Rosen wald Fund, 

Chicago. 
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S. 43 (Continued) 


Descriptive formula: S43A = <~ C P P : % (IT -1 ) 

Legend: 


Quantic number = 9 ;1 ;0 ;1 


S43A — 


P D - 


7c 


The situation 

records for each of 

3 plurels of families 
stated in percentage units 


: = the corresponding 
T -1 = dynamic (annual?) 

I = indicants of cost 
%\ = in % units 


Descriptive formula: S43B = T -1 :%P : % 

Legend: 

S43B = The situation 
records for 
T -1 = the annual 


Quantic number = 9 ;1 ;0 ;1 


%P = % of persons hospitalized 
%I = a % of family expenditures 


Comment on notation: 

Although these two graphs have the same quantic number, they are two 
S-situations and not one, because they cannot both be unambiguously described 
by a single descriptive formula. 
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S. 44 


STANDARD DEVIATIONS 


Test 

Feeble 

Minded 

College Juniors 

Orphan Gth Grade 

12 Yr. 
Olds 

2nd~6th r _. , 
Grade j Biruba 


i 

i 

■ 

UnVtd 

Time 

1st 

Trial 

2nd 
Trial ! 
Reg. \ 
Time 

i 2nd 1 
! Trial j 
j Unl'td 

Time ! 

1 

i 

] 

! 

| 

1 

i 

i 

i 

j 


a 

i b 

c 

d 

e 

f 

» ! 

h 1 

i 

t 

j 

IB. Easy learning 

9.68 

8.77 


8.16 

8.96 ] 

: 

i 1 " 

9.89 ] 8.94 

7.41 

IC. Hard learning 

7. 

7.74 

I 

7.48 

9.57 

j 

8.09 

8.51 1 

6.724 

2. Matching 

2.70 

2.01 

1.69 

2.57 

2.15 

2.27 

2.69 

3.02 

2.584 

3. Dots 

3.91 

2.55 

2.12 

3.12 

3.42 

3.42 ! 

2.79 

3.14 

3.942 

4. Rhythms 

5.59 

8.21 

9.1S 

5.36 

7.48 

! 

8.26 

5.26 

5.68 

5.797 

5. Mazes 

1.35 

2.61 

1.72 

3.3 

4.04 



3.2 

2.729 

6. Cubes 

4.6 

14.16 

6.4 

1 

5.6 

6.96 

7.04 

6.19 

6.0 

4.864 

7. Similarities 

1 

7.31 

15.09 

! 

12. 

9.6 

10.84 

10.8 ! 

j 

9 62 

8.92 

7.432 

8. Faces 

5.32 

8.2 

4.55 

12.69 

12. 

11.96 

11.64 

11.70 

6.888 

9. Time series 

5.71 

7.27 

5. 

6.54 

7.32 

7.46 

7.29 

7.15 

[ 

5.260 

10. Analogies 

4.04 

6.12 

5.8 

4.94 

5.62 

5.62 

1 4 61 ; 

4.54 

4.098 

11. Geometric series 

12.3 

8 72 

5.8 | 

10.67 

8.88 

16.88 

12.02 

i 1 

13.09 ; 

11.667 

Scale 

72. 

68.85 

52.36f 

50.25 

58.65 

59.81 ; 


68.98 S 

* 

M.A. (months) 

1S.78 

i 

1 

14.48 



j 14.79 

19.78 

1 

34.** 

C A. (months) 




13.68 



3.73 

l 

19.62 

18.82 

E.A. or “T.” or “P ” 


9.84§ 


13.64 



| 15.12 

19.60 


School grade 







| .869 

1.173 

1.644 

Length of residence 








3.881 

mos. 


E.Q. 

j 

3.06 



* Not comparable with the other sigmas as the tests were combined with sigma weights, 
t “Regular” time sigma is 61.07. 

§ This is in Princeton sigma units, where <r = 10 points. It is the c of the higher of the Princeton or 
Thorndike intelligence tests for college admission. 

** Punjabi Binet Scale. 


Ref.; Dodd, Stuart C., International Group Mental Teste, Princeton Univ. Store, 1926, p. 40. 


Descriptive formula: S44 = Pp * IT -1 : a Ii 

Quantic number == 9 ;1 ;0 ;1 

Legend: 

S44 = The situation 

*1 = standard deviations 

records for each of 

of 

P p = 6 plurels 

|i = 19 indicants relative to in- 

and for each of 

rr- 1 = several occasions and periods 

telligence 
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S. 44 ( Continued ) 

* 

Comment: 

The process of redispersing is illustrated by the differences between columns 
e and f , the si gm as on first and second trials. Also, as the score is a desideratum, 
desired’ by the testee and achieved by a period of activity, the sigma of scores 
could measure the process of competing. 


S. 45 


The law of supply and demand: price of wheat (December 1) as influenced by 
supply (crop and carry-over), 1897-1915. Based on percentages of given year to 
previous year (link relatives of price and supply), showing that in general a 
supply increase is followed by a price decrease, and vice versa. Price variability 
is greater than supply variability; that is, the market is inelastic (V = -45). 
Correlation, r = —.74; slope of elasticity regression line (fitted by least squares 
direct to log points), b = —2.210. The figures for 1898 were extreme (supply, 
131%, price, 71%) and do not appear on the chart. 


Be/.: Reinhardt and Davies, Principles and Methods of Sociology, Prentice- H a l l, 1932, p. 539. 
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S. 45 ( Continued ) 


Descriptive formula: S45 = J : : jl : t T° 

Legend: 

S« = The situation 

records for every value of 

J = a supply indicant 
:: = cross-classified with 


Quantic number — 9 ;2 ;0 ,*0 

jl = a demand indicant 

the corresponding 

t T° = frequency of instances, or 
dates 


Comment: 

Note the unusual unit of frequency, a date. The calculative formula is : 

t 

r = t-^Jj = -.74 (Eq. 106, Ch. X) 

1 

The quantic is T -1 , since the dates are in sequence. It is a case of re co varying, 
a time series correlation, in scattergram form. 


S. 46 


PART OF INCOME OF A MARRIED PERSON 

mO AS FEDERAL INCOME TAX 



TAX 


REMAINDER 


NET INCOME 

$2,500 
$5,000 
$ 10,000 
$ 100,000 
$1,000,000 

Each disc represents 10% of net income (including surtax; based on 
maximum earned net income deduction of $14,000). 



Ref.: Literary Digest, Feb. 13, 1937, p. 40. 
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S. 46 ( Continued ) 


Descriptive formula: S 4 & = -'P : (J : : %Ii)T“ 1 

Legend: 

S 46 = The situation 

records for any 

-P = typical married person 

il = the size of income in one of 5 
classes 

cross-classified with 



Quantic number = 9 ;2 ;0 ;1 


2 types of 
expenditure 


r taxes 
- and 
k other 


stated in 


percentage units 
per year 


S. 47 


EXPENDITURES OF FAMILIES IN VARIOUS INCOME GROUPS BY 

PERCENT 


Income Class 

$1,000- 

1,499 

S. 2,000 - 
2,499 

S. 4,000- 
4,999 

Total 

No. of Farns 

m 

266 

4$ 

1,038 

Expenditures 

Food 

26.5 

22.3 

15.5 

21.4 

Clothing 

7.3 

7.2 

8.1 

7.6 

Auto maintenance and purchase. . . 

15.1 

12.8 

11.5 

12.6 

Medical and dental care 

4.4 

3.0 

2.8 

2.9 

Other “living costs” 

21.5 

22.0 

22.7 

21.4 

Total “living costs” 

74.8 

67.3 

60.7 

65.9 

Benevolences 

6.7 

7.7 

8.9 

8.0 

Vacation, travel, amuse 

2.2 

2.9 

3.7 

3.2 

Books, mag., tuition 

4.0 

4.4 

5.0 

4.9 

Other “advancement costs” 

2.1 

3.2 

2.9 

2.8 

Total “advance, costs” 

15.0 

18.2 

20.5 

18.9 

Life insurance 

6.3 

7.1 

8.6 

7.2 

Savings 

3.1 

1.2 

8.0 

6.5 

Other “investment” 

0.8 

1.2 

2.2 

1.5 

Total “investment” 

10.2 

14.5 

18.8 

15.2 

Total Expenditures 

! 100.0 

100.0 

100.0 

100.0 


Ref.: Leiffer , Murray H., "Income and Standards of living in the Ministry,’* Sociology and Social 
Research , Vol. XVII, No. 5, May, 1933, p. 451. 
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S. 47 (( Continued ) 

Descriptive formula : S 17 = sUT -1 )^! •’ fc P E, : %l j : k) Quantic number — 9;2;0;1 
Legend : 

S 47 = The situation 

records each of 

| liSi = 4 classes (and their composite) 

of 

T _1 = annual 
5 I = income in dollar units 

with their corresponding 

2p P = number of family plurels 

Comment: 

The tendency of proportions of family budgets spent for living costs vs. 
luxuries (“Engel’s law”) to vary with size of income is summarized, for one 
measure, in a coefficient of contingency of .78. The situation is a variation of 
our reco-ordinating process, as it is a correlation between 2 dynamic indicants. 

Comment on notation : 

Note the use of the class-interval script to specify the units, the use of the 
s umm ation sign, 2, to denote the sum of the classes of the class script preceding 
it; and the repeated colon before the second I, which together with the first 
colon outside the parenthesis converts subclassification into cross-classification 
(::), which is partially developed correlation. 


:: = and cross-classified 

with 

]i = 3 classes of expenditures 

and 

|k = 12 subclasses 
%\ — in percentage units 



RELIABILITY CORRELATIONS 



*£ 

£ 

k. 

CD 

so 

eo 

£ 
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£ 

fa 
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k. 

o 
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.74 

08* 
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.36 

00 

GO 
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to 

CO 

* 
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« .3 ^ 
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.50* 

* 

o 

• 

.93 

.54* 

00 

• 

CQ 

s 

0th Grade 

112 
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O 
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o 
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CO 



CO 

o 

• 

th 
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£ 

o 
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o 
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to 
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.72 
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tR » —£ £ — r » "standard " range r. 

1 +r 

** Corrected by the Spearman Brown formula (3). 

Ref.: Dodd, Stuart C., International Group Mental Tests, Princeton Univ. Store, 1920, p. 42. 
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S. 48 ( Continued ) 

Descriptive formula: Sa = S " 1 : Pp : (I. . ,)i = v Quantic number = 9 ;2 ;0 ;1 

Legend: 

S 48 = The situation 
records on 
t T~ I = 2 trials 

and under 
t | = 2 time limits 

for 

Pp = 2 plurels 

for each of 


] i = 12 tests 

(I)i . , = reliability coefficients 

in 

j = 3 classifications as to range 

and 

| k = 2 subclassifications as to 

rows 


scormg 


rotators 


Comment: 

The recorrelating processes of (1) reranking is measured by the repetition 
reliabilities columns b, g, and k ; (2) reco-ordinating is measured in the other 
columns when the score is considered as a dynamic indicant of points earned 
per test period; and (3) recodispersing is measured by the differences between 
columns d and e, or h and i, or 1 and m, which show change in correlations. 



• S. 49 

SUMMARY OF INTER-AREA MOVEMENTS, 1925-1936 

1922, 1923, 1924 Policies 
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Ref.: Moore, Elon II., “Mobility of Insurance Policy Holdera," American Sociological Review, Vol. Ill, No. 1, Feb., 1938, p. 71. 
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S. 49 ( Continued ) 

Descriptive formula : S« = (P p : : Pp)!" 1 Quantic number = 9 ;0 ;0 ;2 

Legend: 

S 49 = The situation Ip = 20 regional plurels 

records cross-classified with 

T " 1 = the dece nnial Pp = themselves as immigrants to 

P = emigrants those 20 regions 

from 

Comment: 

The full “ migration matrix,” a subform of the populational interaction matrix, 
is shown. This exact analysis provides the detailed “ structure” of the migrating 
process in this situation. 

S. 50 

CITY OF MEMPHIS -DEPARTMENT OF HEALTH 

race and sex in relation to homicides 

SHOWING COLOR AND SEX OF VICTIMS AND OF PERSONS COMMITTING THE 
CRIMES IN ATLANTA, BIRMINGHAM, MEMPHIS AND NEW ORLEANS, 1921-22. 


O 

£ 

o 

Uj 

« 8 s 

'R "3 

= S 





■IllllM 



20 40 60 80 1 20 [ 20 40 60 80 100 120 140 160 180 I 20 40 60 

Male “Female Male I Female^ 

White Colored 


Number of Persons Killed 


Ref.: Durrett, J. D. and Stromquest, W. G., “Preventing Violent Death,” Survey , Vol. LIV, No. 8 , 

July 15, 1925, p. 436. 

Descriptive formula: S 50 = P p > : r : s : t'CPT” 1 )?, : r ; s 

Quantic number — 9 ;0 ;0 ;2 

Legend: 

Sso = The situation |* = subdivided into 2 sex plurels 

records with their corresponding 

Pp, = the murderers of 4 cities p P , = number of persons murdered 

| r = subdivided into 2 racial ^T" 1 = in 1921-22 

plurels |b : s = subdivided by race and sex 
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S. 50 ( Continued ) 


665 


Comment : 

The graph shows the full matrix of individual conflicting (Eq. 10, Ch. X) 
as conditioned by the two racial and sex characteristics. It illustrates a subform 
of the depopulating process which is operationally fully developed in that both 
parties of the interacting are recorded in a cross-classification. 

Comment on notation: 

Note the use of the capital letter descript to denote the recipient of interaction, 
while the small letter descript denotes the expresser or doer of the action. 


S. 51 

CHILDREN PER MARRIAGE IN PRUSSIA, 1875-90, ACCORDING TO 

RELIGION OF CONTRACTING PARTIES 


Creed of Fathers 

Creed of Mothers 

Evangelical 

Catholic | 

Jewish 

Evangelical 

4.35 

3.30 

1.78 

Catholic 

3.34 

5.24 

1.66 

Jewish . . : 

1.58 

1.38 

4.21 


Ref.: Holmes, Samuel J. t The Trend of the Race, Harcourt, Brace and Co., 1921, p. 357. 


Descriptive formula: Ssi — E P 

Legend: 

S51 = The situation 

records for each of 
| p = 3 religious plurels 

of 

P = Prussian fathers 
:: = cross-classified with 


t'(P,?7, 1 T-0 ] 


L - 1 

P, 


t' 


T - 1 


Quantic number — 9 ;0 ;0 ;29 
mothers 

the number of children (per 
mother) 

for 

the period 1875-90 


Comment: 

The adpopulating process, developed for religious interrelations of parents, 
is illustrated. 

Comment on notation: 

This situation presents an interesting case of the issue between assigning a 
quantic of P+ 2 or of P +3 . There is no intrinsic objection to P+ 3 , and it would 
identify the populations! interrelation matrix, overlapping plurels, mobility, etc. 

In the case of overlapping membership, it can be argued that the members 
are in two (cross) classifications, hence two vectors, and so P 4-2 . But in S. 51 
above the children are neither fathers nor mothers. 3 different plurels are in- 
volved, not one. To call the children doubly classified by two indicals (“ mothers 
religion” and “father’s religion”) is possible, making a contingency table of it. 
But interrelations of parents are clearly involved, mak i ng this less accurate 
than P+2. The ratio adds a digit of 9 for the P“* Since the situation can be 
represented, without adding a new rule, by a quantic of 29 by the regular rules, 
this is preferred on grounds of parsimony. 
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TABLE OF ATTITUDES 1 



Towards Elsa: 

Sympathy 

Anger 

Fear 

Dominance 

Maude 

4 

0 

0 

0 

Gladys 

2 

1 

0 

1 

Joan 

1 

2 

0 

1 

Virginia 

0 

2 

0 

2 

The attitudes taken by Elsa towards the four individuals 

is tabulated in the 

accompanying Table of Attitudes 2: 





TABLE OF ATTITUDES 2 



Elsa towards: 

Sympathy 

Anger 

Fear 

Dominance 

Maud 

4 

0 

0 

0 

Gladys 

2 

1 

1 

0 

J oan 

2 

1 

1 

0 

Virginia 

0 

4 

0 

0 


Ref.: Moreno, J. L., Who Shall Survive? Nervous and Mental Disease Publishing Co., 1934, p. 183. 


Descriptive formula: S52 = T :: P P : I? : t T _1 Quantic number = 9;0;0;2 

Legend: 

S 52 — The situation I? = 4 kinds of attitude 

records 

T = a reform schoolgirl, Elsa, 
interacting with 

P = 4 other girls each U p 0n 

by expressing t^p-i — a stated number of occasions 

at unstated intervals 

Comment: 

The table entries showing the number of dates (occurrences) of each girl's 
expressing a given type of emotion towards each other girl illustrates the period- 
izing process fully developed in an interacting matrix. 

Note that t T +1 would connote occasions-in-sequence, as T, the duration from 
some common origin date, is stated. T is | _1 to show that the I? are dy nami c. 


sympathy 

fear 

anger 

dominance 


Ch. 



CHANGE, 1 T- 1 

S. 53 


667 



The movies have become a social-psychological prob- 
lem because of their influence on children. While meet 
adults are able to withstand the attack on the emotions, 
children, easily excited, may develop permanent neu- 
rotic conditions* But movies affect adults in their 
standards of behavior. 


Ref.; Ruch, Floyd L., Psychology and Life , Scott, Foresman and Co., 1937, p. 360. 
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S. 53 ( Continued ) 

Descriptive formula: S 53 = P P P : q P : (I°T- X )i Quantic number = 9;0;0;2 

Legend: 

S &3 = The situation I°T _1 = stimulating (i.e., qualita- 

tively acting upon) 

l = in an indefinite variety of 
ways 

811(1 Q P = 15 of those persons 

| P = 7 groups 

Comment: 

The situation illustrates two important uses of S-symbols to represent dynamic 
qualitative phenomena and to represent stimulus-response interrelations of 
persons in a group. The symbol 1° represents a qualitative characteristic, and 
its time rate (T -1 ) indicates it is an event, action, behavior, or something-going- 
on-in-time. The variety of things-going-on in the picture are suggested, but 
without fuller sampling of them they are somewhat indefinitely delimited as 
presented in a still picture — therefore, the class script is underlined to denote 
indefiniteness. 

Of the twenty human beings in the picture two are children responding to 
the sort of stimuli represented by the other eighteen. Sixteen of these eighteen 
are in one of seven interacting groups (pairs or triads). (The hatted man at 
middle right and the “fiend 77 at lower left are isolated in their situations as por- 
trayed.) The persons in these groups are stimulating and responding to each 
other. The two children spectators are responding to a complex movie situation 
representatively portrayed in the picture. The children are stimulated by the 
individual actors and also by them in groups, i.e., by the situation of their in- 
teracting. All this is symbolized in the S-formula by the partial matrix of in- 
teracting persons and groups which in expanded form is of the following type 
(note carefully the empty cells) : 


records 
P P = 20 persons 



P'1 1 

P"J 

P'"| 

P ,.| 


|P' 

|P" 



*1 

— 







— girl spectator 

- p :: p IJ/t 
in Brief-S 

(Eq. 107, 
Ch.X) 

p"! 


— 





1 

= boy spectator 

p"'l 

I JT-* 

BT-* 

— 

IS/T -1 




= heroine at 
lower right 

p'*l 


I?,T— 1 

1ST -1 

— 




= villain at 

lower right 









the 16 other per- 
sons in turn 

Ip- 

I?„T-1 




1 

■ 


= the heroine- 
villain pair 
at lower right 

Ip" 

If.T-1 

U.T-i 





— 

= another pair 
or triad 









the five other 
groups in turn 
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S. 53 ( Continued ) 

The capital letter descript (each column) denotes a responder ; the small letter 
descript (each row) denotes a stimulator. The primes on the attributes 1° denote 
different particular qualitative responses. Thus, the two spectators are not 
stimulating nor responding to each other (in the S-situation as pictured) but 
are only responding to the actors and groups of them. Each actor is stimulating 
and responding to the other actor (or actors) in the same pair (or triad). Each 
actor and each group of actors is stimulating but not responding to each spec- 
tator, i.e., there is contact but not interaction between actors and spectators 
(as these tenns are defined in Chapter VII). The expanded matrix compels 
exact analysis of the stimulators, responders, and the nature of the responses 
(I°T - 1 )i, and thus specifies the structure of a sociological group (which is de- 
fined as a plurel of interrelated parties). 


S. 54 


INCREASES 

IN RACIAL FRIENDLINESS 



Reported by a Case-Group of 

Reported by a Case-Group of 


100 American Men 

100 American Women 


Toward 


Toward 



Germans 

21 

Japanese 

25 


Japanese 

13 

Negroes 

18 


Swedish 

11 

Jew-German 

17 


Chinese 

10 

Chinese 

16 


French 

10 

Jew-Russian 

13 


Italians 

10 

Indians (Amer.) 

11 


Spanish 

10 

Italians 

10 


Filipinos 

8 

Armenians 

9 


Russians 

8 

Mexicans 

9 


English 

7 

Canadians 

8 


Czecho-Slovaks 

6 

Norwegians 

8 


Indians (Amer.) 

6 

Swedish 

8 


19 other races 

54 

17 other races 

44 


Total 

174 

Total 

196 



Ref.: Bogardus, Emory S., “Sex Differences in Racial Attitudes,” Sociology and Social Research, 
Vol. XII, 1927-28, p. 285. 


Descriptive formula: S54 = P p : IT -1 : P q Quantic number = 9 ;1 ,*0 ;11 

I = their increased friendliness 
(amount not stated) 

T -1 = in an unspecified period 

towards each of 
P q = 19 racial plurels 

Comment: 

The graph illustrates an imperfect contacting matrix, as the increases of 
friendliness are all one-way changes of attitude of the Americans towards other 
races. Therefore, by Rule 36 (Appendix II) the quantic number is 11 in the 
populations! sector, not 2, which would denote full two-way interaction. 


Legend : 

S54 = The situation 
records for 
P = 200 Americans 

in 

| P = 2 sex plurels 
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S. 55 


INDEX OF THE VOLUME OF ACQUAINTANCES OF 16 INDIVIDUALS 


A' ame 

LQ. 

Cottage 

After 

30 Days 

After 

60 Days 

After 

90 Days 

After 

120 Days 

After After 

150 Days 180 Days 

JN 

100 

C14 

13 

18 

33 

39 

41 

42 

GU 

121 

C A 

63 

65 

42 

26 

29 

28 

RD 

62 

C4 

7 

8 

12 

9 

9 

8 

DB 

85 

C6 

30 

43 

42 

46 

73 

72 

ML 

80 

C4 

24 

27 

30 

33 

27 

28 

MK 

86 

C2 

10 

12 

25 

38 

29 

30 

SO 

112 

C4 

30 

44 

37 

50 

62 

74 

KN 

87 

C9 

21 

32 

33 

52 

101 

131 

IL 

116 

C A 

42 

61 

50 

28 

46 

43 

DN 

85 

C6 

22 

42 

29 

32 

34 

31 

HY 

102 

CB 

15 

12 

24 

31 

51 

46 

HR 

65 

C14 

9 

9 

10 

11 

14 

13 

RZ 

88 

C14 

33 

14 

22 

25 

25 

26 

HF 

91 

C8 

30 

44 

79 

84 

75 

82 

FA 

77 

C8 

14 

16 

15 

32 

32 

33 

NI 

82 

C9 

13 

25 

41 

42 

47 

49 

Ref.: 

Moreno, 

J. L., JVho Shall Survive f 

Nervous and Mental Disease Publishing Co., 

1934, p. 137. 


Descriptive formula: S 55 = P P, P : I : t T~ 1 : P Quantic number = 9;1 ;0;11 

Legend : 


S 55 = The situation 

records for each of 

P P = 16 named persons 
|,p = their Cottage plurel 

and 


I = IQ's 

and, on each of 

t T“ 1 = 6 dates, 30 days apart, 

P = the number of their acquaint- 
ances 


Comment: 

Contacting, i.e., change of one-way relations, is illustrated. If the persons 
claimed as acquaintances had recorded their acquaintances, the contacting 
would be interacting, i.e., change of the two-way relations between persons. 
Again note that by Rule 36 (Appendix II) the quantic number of contact is 11, 
instead of the 2 denoting interaction. 
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Foreign Tbade bt Countries 



JAPAN'S 




)Pig iron 



Rubber 




Wood 

pulp 



if yielding 
materials 


Ref.: Yano, T. and Shirasaki, K., Nippon , A Chartered Survey of Japan, Tokyo, 
1936, p. 47. 


Descriptive formula: Sse — P, 
Legend : 

S 56 = The situation 
records 
P, = Japan 
:: = interacting with 
P p = 23 nations 

in 


P p : t'GJT -1 ) i Qiiantzc number = 9 ;1 ;0 ;2 

% I = percentage trade 
t'T -1 = per year (in 1935) 

* 

in each of 

]i = 13 commodities 
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Comment: 

This graph in ma trix terms is a single row and column of the economic inter- 
action matrix with percentages as the cell entries. It is developed into a third- 
degree matrix by the expansion for different commodities. Note, that imports 
and exports are the two triangles of cells on either side of the main diagonal of 

the matrix. 


S. 57 


>■= Expandinq fluidity for 
all classes 



Showing field structure for economic good 
times. N 3 , national membership-character of 
potency 3; P, PB, B , social class membership- 
character; 1, 3, 5, degrees of freedom of social 
locomotion. 



Showing field structure for economic depres- 
sion. (See figure above for meaning of abbrevi- 
ations.) 


Ref.: Brown, J. F., Psychology and the Social Order , McGraw- 


Hill, 1936, p. 136. 

Descriptive formula : S57 = P, : q : tT -1 : ( 

Legend: 

Ss 7 = The situation 

records for each of 
P, = a national 

and 

| q = 3 economic subplurels 

in each of 

t T~ 1 = 2 periods (good times and de- 
pressions) 

P q = an inter-plurel 


Quantic number = 9 ;1 ;0 ;2 

1/ = index of “ permeability” of 
barriers (amount not stated) 

and 

,Ii = indices of 2 characteristics of 
“fluidity” and “potency” 

'| « the indices being in ordinal 
units (i.e., relative r ank s, 
1 1 non-metricized 5 5 ) 
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Comment: 

The diagrams represent change of static interrelations more than interacting 
proper. They also illustrate the combination in one situation of simple charac- 
teristics of plurels (Ij) with interrelating characteristics (I,) between plurels. 

The diagram is a typical illustration of topology, a field of qualitative mathe- 
matics or non-quantitative geometry, applied to societal data. The notation of 
S-theory can express topological data as well as metricized data. 

S. 58 


Chicago 


I L L.i 



MICH. 


Detroit 


South Bend ]~ To | ed Q 


INDIANA' 


I 

i 

I 

XL 



CENTER OF POPULATION 
AT EACH CENSUS 1790 to 1930 

Median Point 1880 to 1920 
★ Center of Population 
a Median Point 




OHIO 


WmC I910 r 2|^ GreenVllle 
Spartanburg^^ *°V._ ©Columbus 




WfS aH 1910 Columbus I l870 Parkersbur 








Louisville 
KENTUCKY 

Scale of Miles 
0 25 50 75 100 



PENNSYLVANIA 
Pittsburgh 




I _Jren 

UPr vVV'x* \ 


o Frankfort 


Clarksburg 

£ Mooresfieldo jg 

i«o 1M0 i«o /Woodstock 
WEST 

°Charleston / ^ 

VIRGINIA / 

s 

\ Richmond 0 

V 







Showing the movement of the median point and the center of population of the 
United States. Note that from 1910 to 1930 the center of population moved west- 
ward, following somewhat the 39th parallel of latitude. (From the U. S. Census.) 


Ref.: Huntington & Carlson, Geographic Basis of Society, Prentice-Hall, 1934, p. 22. 

Descriptive formula: S58 — t T~ 1 : ! L 2 :P Quantic number — 9 ;0 ;2 ;1 

Legend: 


Sss = The situation 
records 

t T” 1 = 15 decennial dates 

and corresponding 
to each 


1 L 2 = 2 mapped points 


center 
and 

median 
P = of the U.S. population 


Comment: 

The situation illustrates the process of relocating, the moving of a point in an 
area. By measuring the distance which the center of population moves in a 
decade, 11 lineating is determined, and the sigma of these distances determine 
i 1 linear re varying/ ’ which is a measure of the constancy of die westward trend. 
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Ref.: ano, T. and Shirasaki, K., Nippon, A Chartered. Survey of Japan , Tokyo, 1936, p. 347. 


Descriptive formula : S59 = (P, I) p LT -1 

Legend: 

S 59 = The situation 

records for each of 

|p = 8 nations 
L = the kilometrage 

for 


Quantic number — 9 ;1 ;1 ;1 

T~i = some unspecified period 

of 

P = passengers 
, = compared with 
I = tons of goods 
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MOTOR VEHICLES AND PUBLIC ROADS 


MU. I, 
1910 


1917 


1922 


1931 


1936 


0(SH>0<!>T|P 



IUl 

hrfhti 



rm rm rm cm rm cm rrn rnBu 

* 8 **$ *P ^^6 

jib 

/TV /TV ■ /T\ /T\ . /T\ . ZTN. . /TV _ Z^fl^EU 

hP"®' G""® 1 ^6 


Eoch hot carnage represents 10 million horses 
Each motor venule represent 3 million motor vehtdes 

Distance between milestones represents 500 000 miles of rood- 5uWoced portion da»* 


Ref.: Pictorial Statistics, Inc., New York. 

Descriptive formula: — t T -1 : (Li, 10 

Legend: 

Sbo = The situation 

records for each of 

t T“ 1 = 5 dates, 1910-36, 

L = the road length 

in 

|i — paved and unpaved classes 


Quantic number = 9;1 ;1 ;0 


and 

I = the number of vehicles 


i = 2 classes 


carriages 
< and 
motors 
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BC AD 

Spurts dt the Accelerating Growth of Empire 

Ref.: Hart, Hornell, The Technique of Social Progress, Holt, 1931, p. 449. 

Descriptive formula: S« = t T -1 : L- Quantic number — 9 ;0 ;2 ;0 

Legend: 

S 6 i = The situation t T _1 = 9 dates 

records for each of = an area of empire 





Decline 

of Yellow Fever in the Western 
During the Last Quarter-Century 

Hemisphere 

Year 

Cases 

Year 

Cases 

1890. . 

308 

1896 

1282 

1891.. 

356 

1897 

S58 

1892 . . 

357 

1898 

...... 136 

1893.. 

496 

1899 

103 

1894. . 

383 

1900 

310 

1895 . . 

553 

1901. 

18 
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BSCPVptXVB formula • S{2A t T _l :L? 
Legend : 

S 6 2 a = The situation 

records for each of 
t T“ 1 = 4 years 

Descriptive formula: S^b = tT -1 : (PT^ 1 ) 

Legend: 

S 6 2 b = The situation 

records for each of 
t T~i = 12 years 


Quantic number = 9 ;0 ;2 ;0 

Lj = 2 zones in the Americas 
yellow fever 
and none 

Quantic number = 8 ;0 ;0 ;1 

'| = beginning in 1890 
P = the cases of yellow fever 
T*' 1 = per year 


Comment: 

Two different quantics are involved in the map and in the table, as one has 
L 2 and the other L°, and the two L arrays are not contiguous. Therefore, there 
are technically two S-situations presented in this excerpt from page 219 of 
Kelsey's book. 



Ref.: Survey, Vol. XL VII, No. 24, March 11, 1922, p. 916. 

Descriptive formula: S<a = L? : t (PT" 1 ) Quantic number = 9 ;0 ;2 ;1 

Legend : 


Sea = The situation P = the number of lynchings 

records for each of in the 

LJ = 48 states 


t'T -1 = 1889-1921 period 
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S. 64 



Ref.: Pemberton, H. Earl, “The Special Order of Culture Diffusion,” Sociology and Social 
Research, Jan -Feb., 1936, Vol. XXII, No. 3. d. 250. 


Descriptive formula: Sw = fT -1 : : 

Legend : 

Sfri = The situation 

records for each of 

|i — 2 diffusion areas in the United 
States 

for each of 
t T~ 1 = five dates 


: ,E)i Quantic number = 9 ;0 ;2 ;1 

L; = a zone 

and 

l \ = point locations 
1 : | = each with a corresponding 
,P = Junior College plurel 


Comment : 

The situation maps the temporal and spatial diffusion of a culture complex. 
Comment on notation: 

Since the areal index has both areal and point scripts 01,), it would be am- 
biguous as to whether there was a plurel (P) corresponding to each of the five 
areas ( t T _1 : Lr) or to each point OL 2 ), unless the point script were repeated as 
a cross script on the P, thus ( 1 : ,P). 
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S??L S i5? il ? t, S n ' s Population started rising as sh 
Sraph above, the roof seemed the limit 
roofs continued to rfee till $29. But MoukSon a 

e 1910 and now has slipped b 

oO yeare. It is still going down, partly becfliivnw 
are spilling out into thesuburbs andp^ti?becaiS? 
human supply bas been shut off by Immigration rest 
ttons and birth control. The Iater>rowthJf Sg 

increased traffic snarls addel 

SSfiS bnslM “- "MW'S 

values are low. The PWA SrSn^ousS frSilt 
^ done ( to rebuild on an open pattern. Dr 
y°P don t have to become a lamer or a^s 
hip ph^iQ^t sun li ght air, recreation areas. If 

must provkie vulval 



Ref.; Life , May 23, 1938, p. 55. 
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S. 65 ( Continued ) 

Descriptive formula: &&=]/: ( t 'T _1 : P) : I?. Quantic number = 9 ;0;2;1 

Legend: 


S fi5 = The situation 
records 

L 2 = an area (Manhattan) 
and corresponding to it, 
for each of 

t | = 9 periods 
T" 1 = of five years each 


'| = beginning in IS 90 
P = the population 

and applied to this area 

I?' = an evaluative attribute 
(“Bad”) 


Comment : 

The picture is one of a series on city layouts, illustrating types labeled “Good ” 
and “Bad” in the author’s judgment. Note that the analyst writing the 
S-formula does not introduce his evaluation ; he merely records in sixteen stand- 
ardized S-symbols what is recorded in all sorts of other symbols (a word, a curve 
with numbers, and an air-photo-map, here) in the situation as presented for 
analysis. 
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BETWEEN ROME AND CHINA 

The second and first centuries b.c. mark a new phase in the history of man- 
kind. Mesopotamia and the eastern Mediterranean are no longer the center 
of interest. Both Mesopotamia and Egypt were still fertile, populous and 
fairly prosperous, but they were no longer the dominant regions of the world. 
Power had drifted to the west and to the east. Two great empires now dom- 
inated the world, this new Roman Empire and the renascent Empire of China. 
Rome extended its power to the Euphrates, but it was never able to get be- 
yond that boundary. It was toe remote. Beyond the Euphrates the former 
Persian and Indian do mini ons of the Seleucids fell under a number of new 
masters. China, now under the Han dynasty, which has replaced the Ts’in 
dynasty at the death of Shi-Hwangti, had extended its power across Tibet 
and over the high mountain passes of the Pamirs into western Turkestan. 
But there too it reached its extremes. Beyond was too far. 

China at this time was the greatest, best organised and most civilized 
political system in the world. It was superior in area and population to the 
Roman Empire at its zenith. It was possible then for these two vast sys- 
tems to flourish in the same world at the same time in almost complete 
ignorance of each other. The means of communication both by sea and land 
were not yet sufficiently developed and organized for them to come to a 
direct clash. 

Yet they reacted upon each other in a very remarkable way, and their 
influence upon the fate of the regions that lay between them, upon central 
Asia and India, was profound. A certain amount of trade trickled through, 
by camel caravans across Persia, for example, and by coasting ships by way 
of India and the Red Sea. In 66 b.c. Roman troops under Pompey followed 
in the footsteps of Alexander the Great, and marched up the eastern shores 
of the Caspian Sea. 

Ref.: Wells, H. G., .4 Short History of the World , Watts and Co., 5 and 6 Johnson’s Court, Fleet Street, 
E.C. 4, London, 1929, p. 126. 


Descriptive formula: See — tT -1 : P p : L 2 : 'I?- 1 Quantic number = 9 ;1 ;2;1 

Legend: 


See = The situation 
records in 

tT -1 = the first 2 centuries b.c. 

for each of 

P p = 2 empires, Roman and Chi- 
nese 

L 2 = their territory 

and 


Ii = 15 other characteristics 

r “interest” 
“fertile” 

- “power” 
“civilized” 

. “trade,” etc. 

|° = both qualitative 

and 

'|+i = ordinally quantitative 
(“best,” “most,” etc.) 


Comment : 

The prose paragraph is presented as an illustration which is on the borderline 
of being a quantitatively recorded situation such as S-theoiy applies to. The 
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data are a^nej since the periods are not sharply defined, nor the geographic 
boundaries and area mapped ; and the characteristics denoted by such words 
as “greatest,” “best organized,” “most civilized,” lack objective indicators. 
Although predominantly qualitative, incipient quantifying of these adjectives 
is denoted by the superlative degree in “greatest,” “best / 7 “most,” etc. The 
superlative degree converts an attribute into a point on an ordinal indicant, 
T+ 1 . The analysis into S-notation brings into clear relief the degree of indefi- 
niteness and inexactness in the usual narrative style of historical "writing. Lit- 
erary style is, of course, superior if the historian’s purpose is to interest the lay 
reader. But, if it is to record events as facts for the inductions of the social 


scientists, definiteness and completeness, promoted by expression in the matrix 
formulae of S-theory, become essential. 
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Territorial Expansion of World Powers 

Square kilometres (000's omitted) 



Home 

land 


Japan 382 

Brit. Empire 243 

France 551 

Italy '. 310 

Russia .... 5 392 

TJ.S.A 3) 2 310 


Territories held in the indicated years 


Before 


1800 W00-1850 1850-1900 


10 248 
721 


11 775 


After 

1900 




36 

l) • 263 

681 

8 848 

12 410 

7 926 

39 678 

2 838 

6 422 

1 052 

11 584 

— 

365 

1 755 

2 430 

038 

3 538 

— 

21 345 

5 463 

1 919 

2 

9 694 


1) Including Kwantung Leased Territory & the Mandated South 

Seas Islands. 

2) As at the end of 15th century when an independent Empire. 

3) 13 States as at the Declaration of Independence. 


R e f- : Y&no, T. and Shirasaki, K., Nippon , -4 Chartered Survey of Japan, Tokyo, 1936, p. 10, 
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S. 67 ( Continued ) 


Descriptive formula: S 67 = P p : tT' 1 :L 
Legend : 

S 6T = The situation 

records for each of 
P p = 6 nations 

in each of 


Quantic number = 9 ;0 ;2 ;1 

tT” 1 = 6 periods, 

a j = with varying initial dates, 

L 2 = increases of area 
1 1 = of homeland and territories 


S. 68 



Ref.: Arkm, H., and Colton, R. R., Graphs: How to Make and Use Them, Harpers, 1936, 
p. 149. From Lewis, H. M., and Goodrich, E. P., Regional Survey of New York and Its Environs. 
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S. 68 ( Continued ) 

Descriptive formula : S 68 = U ■ Lt 1 : v(lT~') Quantic number = 9 ;1 ;21 ;0 

Legend : 

Ses = The situation , 

I = the number of cars passing 

records ^(T -1 ) = per hour in 1922 

L\ = in the counties around New 

York City 

L+i = the trunk roads 
Comment on notation : 

Note the double quantic digits of 21 in the space sector, which by Rule #36 
(Appendix II) denote the aggregate of areas and lines in the situation as re- 

corded. 


S. 69 



Ref.: Fairchild, H. P., Elements of Social Science , Macmillan, 1925, pp. 344, 345. 
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S. 69 ( Continued ) 

Descriptive formula : S 6 9 = t T" 1 : P : L 2 : L Quantic number = 9 ;1 ;2 ;I 

Legend : 

and 

I = indicants (with indefinite 
units) 

of 

[ standards of 
|i = 2 kinds < living, 

; technology 7 

Comment: 

Strictly, the situation compares four societies and represents a change only 
if, as implied in the text, the four circles represent one society 7 on four dates. 
The latter interpretation is taken for writing the quantic. 

This analysis asserts a correlation between the standard of living, I„ and the 
three components of population, P, technology (“stage of the arts”), I,„ and 
land. Land in S-theory would be subdivided into area, L 2 , and natural resources, 
I,„ (i.e., a composite index of fertility, minerals, rainfall, etc.). The hypothesis 
in Fairchild’s diagrams above are then expressible in S-notation, which facilitates 
quantitative verification, as: 

I, • (P„ ; I„ ; I„, ; L 2 ) = r > 0 (Eq. 108, Ch. X) 

This implies that I, correlates with each of the four indices in parenthesis, 
and therefore, must correlate more highly with some optimal combination of 
them. This optimal combination may be calculated, as a first approximation, 
by multiple correlation technics as a weighted sum. As ratios, products, etc. 
may prove to fit the data more closely, the semicolon denoting any particular 
but unspecified operator combining them is written here. 

This economic analysis may be compared to the classical analysis whereby 
land, labor, and capital are considered to be the chief factors in production. 
(See S. 25, Ch. II for an equation relating these.) Denoting the number of 
laborers by P,„ capital by I,„, these indices can be included in Eq. 108, Ch. X. 
Overlapping of the indices is measured by their intercorrelations. Component 
analysis of the intercorrelational matrix, as described in Chapter VI, should 
reveal a minim al set of non-overlapping components which most completely 
determine the standard of living. 


S 6 9 = The situation 

records for each of 
t T _1 = 4 dates, 

a corresponding 
P = population 

and 

L 2 = area, 
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(^NATURAL INCREASE OR DECREASE OF NATIVE WHITE POPULATION BY STATES 
RELATION TO COMPOSITE SCORE FOR INTELLECTUAL 
P MENT- UNITED STATES 1920 



S+6to+30%y nrease 
\ -5 to *5 % Stof/onary 
\~30 to - 5 % Decrease 


Natural Increase or Decrease of Native White Population by States in 
Relation to Average Composite Score for Intellectual 
Development, United States, by States, 1920. 

Ref .: Lorimer and Osborn, Dynamics of Population , Macmillan, 1934, p. 183. 


Descriptive formula: S 7 o = 'T° : L* : (I, %PT -1 ) 
Legend : 


Quantic number = 9 ; 1 ; 2;1 


S 70 = The situation 
records 
'T° = in 1920 

in each of 
L? = the 48 states 


I = an intellectual score 

and 

%P — the percentage population 
change 

T -1 = per generation 


Comment on notation : 

The implied correlation between intellect and population change ha s not 

been operationally calculated and hence does not require the quantic of a corre- 
lation, I 2 . 
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HAS THE NEW DEAL SPENT BILLIONS TO KEEP ITSELF IN POWER? 


114.12 


Western States, which hold 
U. S. political balance of 
power, have got most per 
person 


$653.20 


10 


The piles of coins on these pages show 
graphically the average amounts which 
the New Deal spent and lent in Belief and 
Recovery funds for each citizen of each 
State in the period from March 4, 1038 to 
Dec. 31, 1937. The exact figure is printed 
a * of each pile. The figures below 

each State represent : tit total amount re- 
ceived in New Deal spending and lending: 
(2) population: (3? the total per capita 
amount paid by citizens of the State in 
personal Federal income taxes during the 
same period. 



I0NTA 

46.849 
53 



NEBRASKA 

UTAH 

OREGON 

CALIFORNIA 

COLORADO 

KANSAS 

WASHINGTON 

IOWA 

1. $551,449,000 

$195,605,000 

$328,712,000 $1,884,759,000 $325,442,000 

$575,028,000 

$497,503,000 

$733,034,000 

2. 1,364,000 

516,000 

1,017,000 

6,059,000 

1,066,000 

1,886,000 

1,643,000 

2,543,000 




MINNESOTA WISCONSIN MICHIGAN OHIO VERMONT NEW YORK ILLINOIS TEXAS 

1. $729,586,000 $776,937,000 $1,255,616,000 $1,579,372,000 $89,054,000 $3,008,440,000 $1,777,903,000 $1,364,245. 

2. 2,635.000 2,908,000 4,783,000 6,713,000 380,000 12,935,000 7,845,000 6,117,00< 

$8.40 $85. 


Ref.: Life, May 23, 1938, p. 22. 
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S. 71 ( Continued ) 

Descriptive formula: S 71 = Lf : 

Legend: 

Sn = The situation ($IP _1 ), = 

records for each of 

Lf = 24 of the United States 

for ' 

t'T -1 = the period March, 1933 to p . 

December, 1937 

( ) i = two financial indices in 

dollars (IP -1 )// : 


t T ‘ [Pt. V 

Quantic number = 9;1;2$ 

: (1) income taxation per 
capita 

and 

(2) the Government ex- 
penditure, 

the population,* 
and 

the per capita expenditure 


namely 
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Ref.: Parks, Robert E. } “Urbanization as Measured by Newspapers Circulated,” American Journal 
Sociology, Vol. XXXV, No. 1, 1929, p. 66. 


Descriptive formula : S72 = L* : (IP -1 !? -1 ) 

Legend: 

S72 = The situation 

records for eveiy one of 
Li = Chicago’s districts 


Quantic number = 9 ;1 ;2 ;9 

I = the number of copies of 
newspapers 

F~ ir T~ l = per person per day 
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Descriptive formula: S73 = ( M - <7 'L 3 P“ 1 T - i 

Legend: 

S73 = The situation 

records for each of 

| q = 2 density plurels 
L 3 = the liters of water used 
P -1 = per person 


Quantic number = 9 ;0 ;3 ;1 

T -1 = per day 

with corresponding 

pP = listed frequencies of families 

u,c, \ — the mean and sigma are also 
stated 


S. 73 ( Continued ) 

* p£)q 


Comment: 

The process of volumating is measured by the liters per day, and the process 
of revolu mi ng is measured by the sigma (S.D.). Revoluming here is a spatial 
subform of reordinating, the disoersion of the volume of water used daily among 
the families. 


S. 74 


ARRESTS BY AGE GROUPS 

: 1 1 1 
HtfH 
„„ 1 t 1 t t 
^ H f i 

Etch nun represent! 5 percent of limb reported to federal jevemment, 1933 



©R« IX Net. Edoc Aw. 


Ref.: Research Bulletin of the National Education Association, Vol. XII, No. 5, Nov., 1934, p. 274. 


Descriptive formula: S74 = tT +1 : ( % P,T~ 1 ) Quantic number — 19,*0;0;1 

Legend: 

1 

S74 = The situation %P = % of arrets 

records .T -1 = for t^e year 1933 

t T+i a, 4 age intervals 

with a corresponding 
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S. 75 


Females 



Distribution by five-year age periods of the total population, native 
whites, foreign bom whites and Negroes, 1920-1930. 


Ref.: President’s Research Committee, Recent Social Trends, McGraw-Hill, Vol. I, 1933, p. 27. 
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S. 75 ( Continued ) 

Descriptive formula: S 75 = (T _I : t T +1 : P p ) QiSq Quantic number = 91 ;0 ;0 ;1 

Legend: 

S75 = The situation P = the C.S. population 

records for each of Ip = by sexes 

'T' 1 = 2 dates (1920 and 1930) for each of 

t| = for 20 age intervals | q = 3 racial plurels 

T+ 1 = of 5 years each (v q = and their sum 

Comment on notation: 

The parenthesis shows that the whole changing population pyramid is re- 
peated for each of the | q plurels. The change (T^ 1 ) precedes the duration (T+ 1 ) 
in the formula as the change dominates, i.e., the situation is one of changing 
ages, not one of aging changes. The processes of durational adpopulating, durat- 
ing (rising average age), and of skewing in the foreign-bom plurel can be meas- 
ured from the data presented here. 
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PERSONS 65 AND OVER 

(IN THE UNITED STATES) 


IK 


IN 1890— 2h million aged comprised 


4 percent of the total population 


IIIIIK 


IN 1930— 6% million aged comprised 


5 X/ i percent of the total population 


timittitmu 


IN 1970 — 15 million aged will comprise 


10 percent of the total population 


Ref.: Social Security Board, Was h ington, D, C, Pictorial Statistics, Inc, 
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Ch. XI 

Descriptive formula : S?6 = t T~ 1 : ,T +1 r^P 
Legend : 

S 76 = The situation 

records for each of 
t T~ 1 = 3 dates (1890, 1930, 1970) 

for 


Quant ic number = 91 ;0 ;0 :1 

/T^ 1 = the age interval of 65 and 
over 

r c P = the percentage of such per- 
sons in the population 


S. 77 



Ref.; President’s R,6SGS.rcii Oommittss, Recent SocioJ Trends, McGra.w-Hill, "V ol- 
1933, p. 606. 


Descriptive formula: Sn = t T” 1 :£T +1 :P p 

Legend: 


S 77 = The situation 




records for each of 


Quantic number — 91 ;0 $ ;1 


2 dates (1901, 1929) 
for each of 
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|p = the 2 sex plurels 

for every one of 


'T+ 1 = the 100 years from birth 

P = a frequency of persons sur- 
viving 


Comment: 

Age is also a change here, not necessarily a duration. S = T~ 2 : p P. It is the 
annual change in a plurel, corresponding to calendar years. It can be treated 
in the usual way (as durations from variable calendar origins (birth dates) ob- 
served at annual moments). In this artificial sample the two treatments coincide 
as all birth dates and one calendar date have been superposed. 

S. 78 


POPULATION CLASSES - 1910 



THOUSANDS 


POPULATION CLASSES - 1930 



| | NATIVE WHITES 

native whites of foreign a mixed parentage 



FOREIGN -BORN 


Population Graphs Showing the Age Distribution or the Principal 

Population Classes for 1910 and 1930. 


Ref.: Bulletin 302, South Dakota Experiment Station, p. 24. 

Descriptive formula: Sts = ‘T' 1 : UT+ 1 : P p . „ Quantic number = 91 ;0;0;1 

Legend: 


Sts = The situation 

records for each of 

*| = 2 dates 
T -1 = 20 years apart 

for each of 
n T +1 = 17 5-year age classes 


P = the population 
in each of 
|p = 2 sex plurels 

subdivided into 
| q = 3 nativity plurels 
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Agriculture Manufacturing Other occupied Unoccupied 

45 TO 54 YEARS 


PtR CtHT 


1890 

1930 



W////////////M 


1 


1 


1890 

1930 


55 TO 64 YEARS 


65 YEARS AND OVER 



Proportion of Older Men Occupied and 
Unoccupied, 1890-1930. 


Ref.: President’s Research Committee, Recent Social Trends. 
McGraw-Hill, Vol. I, 1933, p. 278. 


Descriptive formula : S 79 = t T +1 : T _1 : % P 

Legend: 

S 79 = The situation 

records for each of 
t T +1 = 3 age intervals 

at 


Quantic number = 19 ;0 ;0;1 

t T _1 = decennial dates 
%P = the % of men 

in each of 

| p = 4 occupational plurels 


Comment: 

The two processes of societal significance are : 

(1) the adpopulating of the plurel of those retired above 65 years of age, 
+t%(t' : P'„) ; and 

(2) the depopulating of the agricultural plurel at all ages, — t%P,. 
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Ref.: Yano, T. and Shirasaki, I., Nippon, A Chartered Survey of Japan , Kukusei- 
Sha, Tokyo, 1936, p. 444. 


Descriptive formula : Sgo = t T“ 1 : P p : q : T+ 1 Quantic number — 91 ;0 ;0 ;1 

Legend: 

Sso == The situation P p = 9 national plurels 

records at each of each subdivided into 

t T _1 = 2 ages, 0 and 50 | q = the 2 sex plurels 

for each of T* 1 = the expected duration of life 
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Death rates among white males classified according to longevity of parent. 
Based on the experience of 34 American and Canadian life insurance companies, 
issues 1869-1899 traced to 1900. (Reproduced from Dublin.) 


Ref.: President’s Research Committee, Recent Social Trends, McGraw-Hill, Vol. I, 1933 , 
p. 617. 


Descriptive formula : S 8 i = iT* 1 : ' : 

Legend: 

Ssi = The situation 

records for each of 

tT 4 * = 9 5-year age groups 
'| = beginning at 25 

the corresponding 
%P = death rate 


Quantic number = 19 ;0 ,*0 ;1 

' : 2 "p-i _ p er y ear (within the limits 
1869-99) 

for each of 

[p = 2 plurels defined by pa- 
rental longevity 
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S. 82 

MORTALITY OF INFANTS ACCORDING TO AGE OF MOTHER 


Age of Mother 


Under 17 
17-20. . . 
20-25. . . 
25-30. . . 
35-40 \ 
40-45 J 
45-50 \ 
50 + ] ' 


Austria 

Norway 

Legitimate 

Illegitimate 

Legitimate 

Illegitimate 

2.1 

1.7 

4.01 
3.0 J 


2.09 

4.52 

1.9 

2.2 

3.41 
3.9 J 


1.66 

2.97 

2.8 

4.2 

2.39 

4.86 

3.9 

4.9 

4.17 

10.14 


France 


6.9 

4.7 

4.2 

4.2 

4.3 
6.9 
6.6 


Ref-: Holmes, Samuel J., The Trend of the Race, Harcourt, Brace and Co., 1921, p. 312. 


Descriptive formula: S 8 2 = tT* 1 : (<r c PT *) 
Legend : 

S 8 2 — The situation 

records for each of 

tT^ 1 = 8 age intervals of mothers 
: = the corresponding 
%P = infant death rates 


q Quantic number = 19 ;0 jO ;1 

T" 1 = per year 

for each of 

| p = 3 national plurels 
: = subdivided into 
| q = 2 legitimacy plurels 
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S. 83 



Operation of Freight Car-Floats at a Railroad and Steamship 

Freight Terminal 

Here we have time represented by days in the horizontal direction and by hours in 
the vertical direction. The object of the chart is to record whether car-floats are loaded 
and dispatched at the same hour each day. 

Hotted lines show the time at which cars are pushed onto car-floats by locomotives. 
Solid lines show the time at which car-floats are towed away by tug-boats. Curves for 
any one car-float destination are in pairs bearing the same letter. 

If the departure schedule is well maintained, all curve lines will be practically horizon- 
tal. Note that the blizzard of January 7 affected the locomotives less than the tug-boats. 

Ref.: Brinton, W. C., Graphic Methods for Presenting Facts, Engineering Magazine Co., 1923, 
p. 61. 
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Descriptive formula: S 8 3 = 'I 0 '. tT' 1 : 

Legend: 

Ss 3 = The situation 

records for each of the 

1° = car- floats 
*| = 7 in number 

for each of 


// T + 1 Quantic number = 91 ;1 ;0 ;0 
t T~ l = 15 days, 

'-"T+ 1 = 2 particular hours of de- 
parture 

f loading moment 
\ sailing moment 


S. 84 

TRAVEL TIME FROM PITTSBURGH TO PHILADELPHIA 



E*d tqun equal i 1 hew Each milestone equals 24 hows ©Res D>V, Nat Educ. Ajjn. 

Ref.: Research Bulletin of the National Education Association, Vol. XII, No. 5, Nov., 1934, p. 270. 


Descriptive formula: S 8 4 = t T~ 1 : (T +1 L“J) Quantic number = 91 ;0 ;9 ;0 

Legend: 


S& = The situation 

records for each of 
t T“ 1 = 4 dates 


T+ 1 = the travel time 

L“) = for a particular but unmeas- 
ured distance (Pittsburgh to 
Philadelphia) 


Comment: 


This situation represents a linear durating, the reciprocal of a linear velocity. 



*t£ r 


10 

00 


t'kh' 


% 




' s> < « 

1 III 


xod||-«-s “ 


U) 

«4 





ST 3 

o o 


MWWVC 


vWWWWV 


»!W 

xo^S 

< 

Mfcr»©o m 
btwdo9«f/a\& 

J3A»j 

^»|jrc95 

Sditnyf 


WNC«^\VWi^\V^\\\\\VC\\V^V»^\V\VV 



«» 


• — 

&G 


2 


ft, 

** 

ta ** 

o ^ 

«< <>3 

Q ^ 
2 ^ 

5 ^ 

£ ft 

< ^ 

£ v 

8^5 

X w 

a * 

* .2 

< ^ 

i-i 

< s 

u *■* 
35 ** 
. ft 
*? ft 

kJ ^ 


Sr 


*r 

=k 


&0 

•o 

-tl 

V 

w 

XX 

<*. 

w 

ft. 


*- 

o 

CO 


(M 

o* 

o 


a 

s 

s 

CO 

o* 

£ 


> 

x 

*3 

> 

£ 

3 

03 

•* 

AS 


705 



706 


THE TIME SECTOR, JT{ 


[Pt.V 


S. 85 ( Continued ) 

Descriptive formula: Sssa = st.tT 1 - 1 : %(PT +1 ) Quantic number = S 85 a = 2;0;0;1 


Legend : 

Sssa = The situation 

records for each of 
sxtT 4 ' 1 = 11 ages and all ages 

Descriptive formula: Sssb = I? : (%T, %P) 

Legend: 

Sssb ~ The situation 

records for each of 
I? = 12 diseases 

Descriptive formula: Sgsc = I? : M (T +1 P _1 ) 

Legend: 

As in Sssb except 


(PT +1 ) = the pupil days lost 
%\ = in percentage units 

Quantic number = Sssb = 1 jO ;0 ;1 

%T +1 = the % of days lost, 

and 

^P* 1 = the % of cases 

Quantic number = S 8 sc = 1 ;0 ;0 ;9 

M (T+ 1 p-!) = the mean days lost per 
case 


VI. NOTES 


1. For fuller discussion of the postulates underlying the formulae for measur- 
ing and classifying societal change which are presented in this chapter, the 
student should read the sections on “The nature of the time concept/ 5 “Theories 
regarding laws of societal change/ 5 “Social versus astronomic time/ 5 etc., in 
Lundberg’s Chapter XIII of Foundations of Sociology. 

2. Except for Chapter IX on Durations which are represented by a vector 
in the time dimension. 

3 . For a discussion of this definition and suggestions for the scientific deter- 
mination of what progress is see Ref. 14. 

4 . The formula for sequence is : 

t T _1 = a sequence (Eq. 1, Ch. X) 

This asserts an aggregation of dates, *|, with indefinite intervals, T, between 
them. This means that the dates are in an ordinal series, i.e., their intervals are 
unknown. 

5. S-notation is flexible in that it can express other classifications if desired. 
Thus Eubank’s list (in quotes below) of characteristics of processes (actions) 
(Ref. 25, pp. 267-269) when limited to human processes, is re-expressible in part 
in S-notation as follows: 

1. “Simple or complex 55 : t (I) or t (I)i — change of one index or of an aggregation 

2. “Single or multiple 55 (i.e., in series) : t '(I) or t (I) — change in one period or 
in a series of periods 

3. “Temporary or permanent 55 : < ,T or >,T — periods less than or more than 
a specified duration 

4. “Continuous or intermittent 55 : t T or a : tT — consecutive periods, or inter- 
mittent periods, specified by corresponding bounding dates (Appendix II, 
Rule 54) 
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5. “ Functional or incidental 77 : no direct equivalent, though correlation co- 
efficients and time sequence express causative functionality 

6. “Transitive or intransitive' 7 : t (I) :P or t (I) — acting on people vs. acting 

7. “Reciprocal or non-reciprocal 77 : t I P :: P or t I P : P — interaction vs. contact 

8. “ Singularistic or pluralistic 77 : 'P or pP — one person or many involved 

9. “Approach or withdrawal or circular 77 : — t I P :: P or +tI P - P or ± t I P :: j> 
— decrease or increase, or both, of an index of social distance 

10. “Opposition or accommodation 7 7 ; Op or — tD V ' : P :: P — “opposition 77 or 
“accommodation 77 (see Eq. 30 and Eq. 95, Ch. X) 

11. “Similarizing or differentiating 77 : — t |si or + t |sr — “assimiliarizing 77 or 
“dissimilarizing 77 (see Eq. 26, Ch. X) 

12. “Integrational or disintegrational 77 : -f-Intg or — Intg — “integrating 77 
or “disintegrating 77 (see Eq. 102a, Ch. X) 

The meaning of Eubank's terms are not always exactly the same in the 
S-formulae. But, it is submitted, the redefinition of these terms in S-formulae 
provides an equivalent set of more objective and measurable terms which are, 
therefore, better suited for use in a science. 

6. As an illustration of the deductive derivation of any process from the S- 
theory equation, consider the following deductive derivation of sociating : 

S = ®(T : I : L : P )l (Eq. 7a, Ch. X) 

To isolate populational processes, suppress I and L by considering the case 
where I and L have zero exponents and zero as descripts, and hence are nul 
and do not affect the situation, which now simplifies to : 

S = s 8 (T : P)I (Eq. 7b, Ch. X) 

Since a process is being considered, the exponent of T is minus one, and the 
T must have a period script. Consider further only the case where the exponent 
of P is zero and where the class script is plural, denoting more than one quali- 
tative plurel. Finally count the plurels, i.e., sum them up, to express their 
number rather than their itemized classes. The situation now becomes . 

S = t T _1 : Ps P (= t|sp in Brief-S) (Eq. 7c, Ch. X) 

which asserts a situation in which the number of plurels is changing. But this 
formula describes what is denoted by the terms effective “ associating 77 and dis- 
sociating, 77 whenever the plurels are groups. 

The limi ts of the sociating process may be noted. Letting, as usual, *'| denote 
an initial date of observing the process, and t "|, a ter m in a l date, then 

t"| Sp = i = limit of associating, the number of plurels approaches 1 as a 
limit at the end of the period (Eq. Sa, Ch. X) 

t"j 2p == t/ ]s p = boundary between associating and dissociating, the number of 

plurels is the same at the beginning and end of the period 

(Eq. 8b, Ch. X) 

t"| Sp ~ t"p = limi t of dissociating, the number of plurels approaches the num- 
ber of persons in that population at the end of the period 

(Eq. 8c, Ch. X) 
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The quantic number of a sociating situation is 9;0;0;1, not 9;0;0;0, since 
when more than one of the plurel-units of population (P°)p' is taken, the popula- 
tions! exponent ceases to be 0 and becomes 1. Thus, in summing or counting 
the number of plurels, t(P°)x P = t|x P , more than one point on the population 
dimension is taken and this makes an extension on it. 

7 . The process is the same whether the population is in one or many plurels. 
In the latter case it is an aggregative populating, 

± t Pp = aggregative populating (Eq. 9d, Ch. X), 

This dynamic aspect of population together with the static aspects constitutes 
larithmics, the study of populational sizes, irrespective of the quality of the 
people. 

8 . This Brief-S formula may be written as the full formula and for more 
than one interrelation and period, either as : 

t T _1 : p P p :: P p : (I) t = change of static interrelations (Eq. 12b, Ch. X) 
or p P p :: p P P : t (IT _1 )i = dynamic interrelations, interacting proper 

(Eq. 12c, Ch. X) 

The quantic number is the same for both, namely, 9 ;i ;1 ;2. 

9 . Thus processes of “isolating 77 and “ contacting 77 may be distinguished. 
Isolating is measurable as a decrease in the isolation index. (Eq. 11, Ch. VII.) 
Contacting might be measured either by some index summarizing the contact 
matrix (Eq. 12, Ch. VII) when its cell entries are dynamic components or, by 
the change in some index which summarizes the contact matrix when built up 
of static components. (See S. 54 and 55, Ch. X.) 

10. The derivation of these formulae is as follows : 

For the first plurel, Pi, the sum of its losses in one period us given by the total 
of the first row of cells (— t 'Pi : x P ) in Eq. 13, Ch. X, and the sum of its gains is 
given by the total of the first column of cells (-K'Ps P : i). The algebraic sum of 
gains and losses is the net mobility for that plurel : 

( — t'Pi : x P ) + (-K'Pxp : i) = (dbt'Pi) = net mobility of one plurel 

(Eq. 15a, Ch. X) 

while the absolute sum of gains and losses is the gross mobility for that plurel : 

I —t'Pi *. xp| + | -K'Pxp : i| = | t'Pi | = gross mobility of one plurel 

(Eq. 15b, Ch. X) 

Similarly for the plurels of an aggregation the net and gross mobilities are 
(±t'P) P and t'P P respectively. 

Next, to derive the index of mobility in an aggregation of plurels, first divide 
the net mobility of each plurel in the aggregation of p plurels by the total popu- 
lation in the aggregation, and multiply by 100 to express the net mobilities in 
percentage terms : 

100(d= t 'P)pP- 1 = (=fc %t 'P)p (Eq. 15c, Ch. X) 

The algebraic sum (and therefore the mean) of these net mobilities of the 
plurels is zero by definition, as every gain to any plurel is an equivalent loss to 
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some other plurel. (If it is not zero, the populating process is also going on and 
its amount must be subtracted to isolate the mobility process.) 


h 

S(±%t'P) = (=h%t'P)s P = 0 and M (± rct *P p ) = (±^ t -P)v pP -^ « Q 

(Eqs. 15d, e, Ch. X) 


Thus each gain or loss is a deviation from the mean. The standard deviation 
of these gains and losses is the root mean square : 


(( 5 -.t-P| P )p- ] )' 5 = a (Eq. lof, Ch. X) 


For interpreting this a it is more intelligible if expressed as a percentage of 
the maximal cr, so that the resulting index of mobility can be thought of as a 
percent of maximal possible mobility and compared in different situations. The 
maximal sigma occurs when one of two groups has all the population at first and 
loses them all, so that the other group gains them all. Thus one deviation is 
— 100%, another is +100%, and all the others are 0%, or, expressed in gener- 
alized algebraic terms: 


fet'Plpp- 1 )- 5 - (2(100%) 2 p _1 ) - 5 


Dividing Eq. 15f by Eq. 15g gives : 


100%(2/p)’ 5 — <j r = maximal sigma 

(Eq. 15g, Ch. X) 


aja' = ( %t ,P| p y 5 /100 X 2* 5 (Eq. 15h, Ch. X) 


This is a proportion of unity and has to be multiplied by 100 to convert it to 
percentage units giving : 

mcla' = (.5%t'P| P )* 5 = Mb N (Eq. 14c, Ch. X) 


This is a percentage measure in sigma terms of the amount of rearranging of 
the sizes of the plurels within the total population studied. 

For the derivation of the formula for gross mobility, since this has no natural 
maximum as net mobility has, the conventional 4 4 100% turnover may be taken 
as a standard for deriving a percentage measure. This leads to adopting the 
simple sigma (Eq. lof) of percentage gains and losses as the index of mobility. 
Only, since every shift of membership is counted twice, once as a gain to some 
plurel, and again as a loss to some plurel, it has to be divided by 2 so that, al- 
though 100% of the membership is lost to a plurel and replaced by another 100% 
of members, it will be called a 100% turnover and not a 200% turnover. By in- 
serting 2 in the deno min ator of Eq. lof there results Eq. 14b, the index of gross 
mobility. Note that gross mobility is a function of an average for the p plurels, 
while net mobility is a function of an average for 2 plurels, which is the situation 
of maximal net mobility. 

These two indices of mobility are sigmas (in percentage form) of the ma in 
diagonal cell entries of the mobility matrix (Eq. 13, Ch. X). Other indices 
measuring mobility can be derived, based on all the cells of the matrix, but 
usually the data in this form are not obtainable. Firms keep complete records 
of their hirings and firings, but not ordinarily of the other firms from which or 



710 THE TIME SECTOR, \Tl [Pty 


to which their employees transfer. Similarly for other types of plurels, complete 
records for filling in all cells of the matrix are usually lacking. 

The special case of mobility among plurels whose membership overlaps is 
more complex. The matrix (Eq. 7, Ch. VII) states in the cells the number of 
persons belonging to eveiy pair of plurels, as in multi-membership in fraternal 
lodges. In order to completely represent mobility here, one technic is to construct 
a matrix like Eq. 13, Ch. X, but enlarged to provide a row and column for 
every pair (or larger combination if desired) of plurels, i.e., an array for every 
cell of Eq. 7, Ch. VII. (Note that as this matrix Eq. 7, Ch. VII is' s ymm etric, 


there are only 


P 2 + P 


different cell entries.) 


This enlarged matrix would show the effects of the transfer of a person upon 
all the plurels of which he was a member. Thus, suppose a person belonging to 
plurels Pi and P 2 resigned from plurel P 2 , and joined plurel P 3 . The cell in the 
row of the enlarged matrix representing the Pi, 2 combination of groups and in 
the column representing the P 2 , 3 combination would have a 1 added to its cell- 
entry, which can be symbolized by P ( 12 x 13 ). 

Other technics for dealing with multiple-membership situations can readily 
be devised by the aid of matrices to insure complete and systematic treatment. 

The standard deviation is usually preferable to the average deviation for 
statistical calculations, and is here made the basis of these mobility indices. 
If, however, the average deviation is used, the indices of mobility simplify to : 


AnMbN = | (± r«t'P) |sp /2 = index of net mobility in average deviation units 

(Eq. 16a, Ch. X) 


This is simply the percentage of transfers in the whole population, and 

ADMb G = l^t'Pjsp/Sp = * 5M |%t'P p | = index of gross mobility in A.D. units 

(Eq. 16b, Ch. X) 

This is simply the average percentage of turnover among the plurels of the whole 
population. 

Eq. 16 is readily derived by substituting the A.D. for a in Eq. 14. As before, 
this index of gross mobility in A.D. units is zero only when no person changes 
plurels, and rises to 100% when every person changes plurels once on the aver- 
age, and rises to 200% when everyone changes twice on the average, etc. Sim- 
ilarly, the index AiAIbjf is zero either when no changes occur, or when gains 
equal losses in every group, so that no net changes of size occur ; and it rises to 
a maximum of 100% when one plurel which initially had members loses them 
all to a plurel which initially had no members. 

11 . As an example of the use of these mobility formulae, consider Sorokin’s 
propositions (Ref. 68, p. 160) : 

1. “The principal forms of social mobility of individuals and social objects 
are : horizontal and vertical. Vertical mobility exists in the form of ascending 
and descending currents. Both have two varieties : individual infiltration and 
collective ascent or descent of the whole group within the system of other groups. 
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2. “ According to the degree of the circulation, it is possible to discriminate 
between immobile and mobile types of society. 

3. “ There scarcely has existed a society whose strata were absolutely closed. 

4. “ There scarcely has existed a society where vertical mobility was absolutely 
free from obstacles. 

5. “The intensiveness and the generality of vertical mobility vary from group 
to group, from time to time (fluctuation in space and in time). In the history 
of a social body there is a rhythm of comparatively immobile and mobile periods. 

6. “In these fluctuations there seems to be no perpetual trend toward either 
an increase or decrease of vertical mobility. 

7. “Though the so-called democratic societies are often more mobile than 
autocratic ones, nevertheless, the rule is not general and has many exceptions.” 

Asserted in S-notation in quantitative forms susceptible of more exact de- 
termination, these are i 

Mb = (.5%t'P|p)* 5 (Eq. 14, Ch. X) 

The size of Mb measures Proposition #2 above in the respects defined by the 
plurels, p. By defining p as either “vertical” or “horizontal ’ groups (see Chap- 
ter VII for discussion of these terms) and by recognizing that P, the persons, 
may have | q subplurels substituted, Proposition =1 above is expressed : 

(0 < Mb < 100%) ro2 p (Eq. 17, Ch. X) 

This assertion that mobility tends to be greater than zero and less than com- 
plete expresses Propositions #3 and 4. The exact degree of probability with 
which mobilities less than 100% and more than zero occur is expressed by the 
class script as a percent of all the populations studied, This can measure 
exactly the phrases “tends to be” or “scarcely” in Sorokin’s wording. Eq. 17 
is verbalized as that in a certain percent of all the plurels mobility is greater than 

zero and less than 100%. 


ff (Mbn) > 0, the sigma of the index of mobility in | p populations is not zero 

(Eq. 18, Ch.X) 

rftMb) > 0 the sigma of the index of mobility among 4 | dates is not zero, i.e., 
varies «E* 19 > Ch ’ X > 


These measure Proposition #5 as to generality, while the time period specified 
in calculating Mb determines the velocity which is taken as the essence of 

“intensiveness.” 

Mb • T = 0, zero correlation of mobility with time, i.e., no trend 

(Eq. 20, Ch. X) 


This asserts zero correlation (a scalar product equal to zero) between mobility 
and time, i.e., the absence of any trend for mobility to either increase or decrease 
with time. (This is an instance of primitive “recovarying” (see under Indicatoiy 
processes below) where one of the two indices is the implicit attn ute-time 

product (I°T).) 


Mb * Id > 0 


(Eq. 21, Ch. X) 
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This asserts a positive correlation between mobility and an index of democracy- 
autocracy. To convert this to an equality of specified amount is the challenge 
to further research. 

12. In Brief-S the cross script Pi denotes a population of some aggregation 
of geographic spaces, so that the formula for net migrating is : 

(.5(<r 0 t'P 2 )2i)* 5 = Mg N = net migrating (Eq. 22a, Ch. X) 
Gross migrating may be similarly formulated from Eq. 14b as : 

(.5l-K%t'P 2 ) 2 i)- 5 = Mg G (Eq. 22b, Ch. X) 

13. The full descriptive formula for the economic process is a fourth-degree 
matrix equation (distributed in three sectors — T, I, P) as follows : 

S = P p : : Pp : t (IT _1 )m = the economic process in full (Eq. 23b, Ch. X) 

The number of dimensions in this formula is determined by the sum of the 
four class scripts, | 2p + |sp + la# + 1 = n. The t | class-intervals of time are all 
on one time dimension, | t . The total “order" of the matrix, which is also the 
number of its cells, is given by the product of the descripts | 2p X |sp X st| X |a*. 
(Note that each descript is summed to denote a single number, since, when un- 
summed, it represents an aggregation.) This is at maximum an enormous num- 
ber, for the number of parties, |s P , can be anything up to the total number of 
living persons (about two billion), plus estates of dead people, plus all groupings 
of people, such as families, partnerships, companies, associations, governments, 
etc., with all their departments and subdivisions which act as entities in buying 
and selling goods or services. For a wild guess, suppose there are a billion such 
economic groups (rb half a billion, perhaps, as a guess at the error of estimate of 
the main guess). This makes three billion times three billion as the ma ximum or- 
der of the second-degree matrix, Eq. 23, Ch. X, or 9 X 10 18 , as the number of its 
cells, |s P X (sp. Such astronomical quantities can be handled in our matrix no- 
tation quite as easily as simple matrices of a half dozen buyers and sellers. 
Matrix algebra provides a generalized scheme for manipulating these quantities 
in rigorous ways, regardless of their arithmetic size. As a practical fact, how- 
ever, this maximum is purely theoretic, since most of the three billion (?) parties 
make no exchanges with each other and show zero cell entries in the matrix. 
Actually each party will interact with a very limited number of other parties, 
usually local ones. The range of the number of interactants exchanging com- 
modities with any one party runs from 1 (as when a person sells all his services, 
paid for in a salary, to one party) to perhaps one or two hundred million at 
most (as when people buy stamps of a government). 

The vast majority of the parties from whom a person buys or to whom he 
sells is perhaps of the order of a few dozen, when the rural masses of Asia, etc., 
are remembered as averaging down the many interactants of each party in a 
metropolis. 

The number of periods is any number for which the investigator gathers data — 
12 months, 1 year, or a centuiy, or other time series. In currently published tables 
and graphs of time series, st| averages perhaps around the order of a dozen or two. 
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The number of commodities bought and sold is, again, enormous, depending 
on how finely the investigator classifies those commodities. In Eq. 23a, Ch. X 
the least classifying possible is represented, for here only one class is portrayed, 
namely, anything exchanged for money (in the widest sense). From this lower 
limit it may go on, up to the inventory numbers of the largest mail order firms, 
and summed for all kinds of firms and other exchangers, perhaps reaching mil- 
lions or even billions, if sendees of persons are individualized far enough. 

14. A further trend towards directional flow within the matrix can be set up 
by arranging so that prime producers (farmers, miners, fishermen, etc.) are in a 
section together, processors and manufacture are sectioned together, and the 
residual, non-gainfully employed parties are in a pure consumers’ section together. 
Let the matrix be represented not on a plane, but as the surface of a cylinder, 
with producers to consumers arranged in clockwise order. Then money will 
tend to flow in a counter-clockwise direction, and commodities will tend to 
flow in the reverse clockwise direction. Of course, this will be only a tendency, 
since many commodities are absorbed by processors and distributors, as these 
are also ultimate consumers. This tendency, however, for a producer-consumer 
directional flow lends itself to many types of economic analysis. 

15. A variant of this is the “financial statement” as of some date. This is a 
cumulation of profit and loss up to that point in time. The assets are cumulated 
income ; the liabilities are future expenditures already legally incurred ; and the 
difference is the proprietorship, w r hich is equivalent to a net accumulated profit 
and loss. 

16. Economics was selected for simplicity of illustration. The interacting 
matrix, however, is just as applicable to political, religious, interracial, or any 
other field of interhuman behavior. In Economics the indicators are more often 
quantitative ones, I +1 , while they are more often only qualitative, 1°, in other 

• social sciences. Also in Economics the quantitative indicators can more often 
be expressed in a common (monetary) unit than is the case in other social dis- 
ciplines. Wherever objective indicators, qualitative or quantitative, can be 
developed for any societal phenomena of interaction, the matrix form of analysis 
can be applied and S-theory notation can be used as a tool. 

17. Two subforms of differing may be distinguished, namely, to change a 
qualitative entity into some other qualitative entity, as illustrated above, 
and a continuing qualitative activity such as, sweeping, sewing, walking, or 
speaking. In the full descriptive formulae these are distinguished as change 
of a static attribute and as a dynamic attribute : 


tT” 1 : 1° = differing proper, a changing quality on successive dates 

(Eq. 25b, Ch. X) 

tfPT” 1 ) = “acting,” a qualitative activity (Eq. 25c, Ch. X) 

(See S. 16, 17, Ch. X) 

For a hierarchy of attributes the formula is : 

JS . i : k = “hierarchical differing,” a changing system, or hierarchical 

pattern, of qualities (Eq- 25d, Ch. X) 
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Tor an aggregate of changing attributes the formula is: 

(tl°)i (Eq. 25e, Ch. X) 

while for a change in the composition of an aggregate of attributes, it is : 

t(I?) (Eq. 25f, Ch. X) 

Eq. 25 merely states the fact of a distinguishable qualitative change. When- 
ever qualities can be quantified, the degree of similarity between two qualities 
may be measurable by a correlation coefficient. Interpreting this as a cosine 
of an angle measures degrees of qualitative change in terms of degree of angle, 
as described in Chapter VI. For examples of “differing” see S. 19, 20, 21, and 
22, Ch. X. 

18 . The limit of assimilarizing in unity, the boundary between assimilarizing 
and dissimilarizing is the initial number of qualities, and there is no definite 
limit of dissimilarizing as there is for dissociating. (Cf. Eq. 8, Ch. X.) 

1 t|si * — t/ |si — * t"|si — * 00 (Eq. 26a, Ch. X) 

Lower Assimi- Bound- Dissimi- Upper 

limit larizing ary lanzing limit 

19 . Since indicators are either attributes or indicants, the term “indicatoiy 
change ” may conveniently denote changing indicators : 

t (I?- 1 ) = “indicatory change” (Eq. 27, Ch. X) 

A changing indicant is symbolized as : 

ij 1 = indicating (Eq. 28, Ch. X) 

(See S. 29, 30, 31, 39, and 43, Ch. X) 

“Increasing” and “decreasing” are the terms used here with complete general- 
ity for processes in any sector, or combination of sectors. 

20 . “Intentional” has the meaning of “purposeful,” but can be behavior- 
istically defined by the test of whether the intended result is announced before- 
hand. 

21. Grading is from the Latin root meaning “a step,” “progress” being a 
step forward, “regress,” a step backward. Grading connotes in English the 
classifying of some quality, or value, into degrees, or steps. 

The two subtypes of grading are symbolized by : 

itVcu = “cumulating” (Eq. 32, Ch. X) 

= change of the amount of a value without human effort 
4-tVcu = “accumulating” (Eq. 32a, Ch. X) 

— tVcu = “decumulating” (Eq. 32b, Ch. X) 

zbtVco = “operating” (Eq. 33, Ch. X) 

= change of the amount of a value caused by human effort 
+tVco — “co-operating” (Eq. 33a, Ch. X) 

tV Co = “maloperating” (i.e., destroying or wasting a value, or creating a 
danger, a disease, a social problem) (Eq. 33b, Ch. X) 

22 * The tensing process might be classed as a single complex process, since 
it is an index combining populational and indicatory indices and might be dis- 
cussed later in this chapter in the section on momentum. As the P cancels out 
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reducing E to a ratio of two indicants, it also can be classed (as it is here) as a 
single, simple, primary, indicatory process. It also fits here as part of the dis- 
cussion of the tension theory following the processes of valuating and co- 
operating, as defined by that theory. 

23. Ordinarily attensing goes on when recruiting, evaluating, and regressing 
are combined, though sometimes large amounts of one of these processes may 
offset change in the opposite direction in others, since the process of attensing 
is defined as a positive change in the product inside the parenthesis of Eq. 35 
above. 


+t(PDV -1 ) = +tE = definition of attensing (Eq. 35a, Ch. X) 

so that : 

[(+tPvO + (+tD V ') + (— tV)] • (+tE T ') = r > 0 (Eq. 36a, Ch. X) 

recruiting + evaluating + maloperating are positively correlated with attensing 
and : 


K-tPrO + C-tDrO + (+*V)] • (— JBv') = r < 0 (Eq. 36b, Ch. X) 

conflicting + accommodating + co-operating are positively correlated with 
detensing 

Decreases in the numerator of Eq. 35 and increases in the denominator will 
always decrease the tension ratio producing detensing: 

— t (PDV -1 ) = — JE = definition of “detensing” (Eq. 35b, Ch. X) 

24. For another sociological analysis see Ref. 39. 

25. A more detailed comparison of Von Wiese’s formula for a process and 
te nsin g follows : 

In S-notation where objectively observable indicators (data) represent the 
characteristics (phenomena) which he symbolizes directly, a process is a resultant 
change in some index over a series of dates U (I) ; an attitude is designated b> 
some index *(I) a or indices at some antecedent series of moments ; and the situa- 
tion is s umm arized in another antecedent index or combination of them (I)»- 

The combination is suggested, pending further research, as a hierarchical 
aggregation of situational indices and is so denoted by using the plural descript, 
the small letter s. |. - |i s , s . - . = * In the simplest instance an antecedent 
attitude and a situation are taken each for one date only, 1 1. But for comp eter 
study attitudes and situations may be observed on a series of dates, *|, and cor- 
related as a time series (allowing for possible lag) with the process index, u ( ). 
Then Von Wiese’s formula for a social process, in S-notation, is : 

*((I) a (I)s) = U (D (Efi* 3Sb ’ Ch - 

As every equation connotes perfect correlation between its left-hand sxid its 
right-hand members as these may vary, this can be recast into a correlational 
equality in order to make it comparable with the imperfect equalities, or tend- 
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encies towards equality, exhibited by most correlated variables in the social 
sciences. In this form, the scalar product (correlation coefficient, r) of the index 
of the process U (I) and the arithmetic product of the indices of attitude (I) a 
and of the situation (I) g are unity. 

t ((I) a (I) 8 ) • U (I) = r = 1.00 in S-notation (Eq. 40a, Ch. X) 

or more roughly with less specification of the symbols and the attendant con- 
ditions : 


AS • P = 1.00 in Von Wiese’s notation (Eq. 40b, Ch. X) 

This is now in parallel form to the tension hypothesis, Eq. 39a, Ch. X. In 
comparing the two, the important difference is that Von Wiese’s formulation 
of the causal factors of a societal process is in terms of ideal abstractions yielding 
an assumed but unverifiable perfect correlation ; the tension theory formulation 
is in less inclusive terms of measurable entities yielding some verifiable degree 
of correlation. For science verifiable hypotheses are to be preferred to unveri- 
fiable ones. As always, when the correlation, r, has been observed, the coefficient 
of non-determination, k 2 (k 2 = 1 — r 2 ), states the percentage of unknown or 
unmeasured causal influences which constitute the residual causation of the 
societal process, U (I), in question. The percentage-coefficient of determination, 
100r 2 , states the percentage degree to which the tension hypothesis, as meas- 
ured in any given situation, is verified. The problem for research then is to dis- 
cover whether, as the desires and the desiderata are measured with increased 
reliability, validity, and completeness under specified conditions, the correla- 
tion increases between the measured tension and the societal process which is 
its alleged effect. 

A further but minor point of difference between the tension hypothesis, 
Eq. 39a, and Von Wiese’s hypothesis, Eq. 40, is that the former involves a ratio 
of the causal factors, E = PD/V, while the latter involves their product, AS. 
Von Wiese disclaims mathematical rigor in his formula and probably suggested 
a “ product” as meaning only some combination in which each influenced the 
other in giving the result. The tension theory assumes a ratio since, as in the 
economic ratio of demand and supply, the societal tension is observed to vary 
directly as the attitudes of desire and inversely as the amount of the desideratum 
in the situation. In the special but very frequent case of a qualitative desider- 
atum, V°, the ratio and the product become equivalent, since dividing by 1 is 
arithmetically equivalent to multiplying by 1. 

26 . For uniform nomenclature secondary processes are christened with terms 
involving the prefix “re-,” just as nullary process terms end in “-izing,” and 
primary process names end in “-ating.” (There are a few exceptions in order 
to avoid forcing terms.) Among secondary processes the syllable “co-” distin- 
guishes the recorrelating from the redeviating processes. 

27 . Note that in the subjoined table (i.e., matrix) of second-order moments 
(taken about the mean) the variances are the main diagonal entries and the 
covariances are the other entries. 
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(Eq. 43a, Ch. X) 


If the moments are expressed in standard deviation units in order to reduce 
them all to expression in comparable units, the matrix becomes the familiar 
table of intercorrelation coefficients with unities in the main diagonal cells, since 


2IJ 2I 2 ( ff I) 2 , 

Pcrio-j _ riJ and Po-iffi ~ ru 2 - 1 


(Eqs. 44a and b, Ch. X) 
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matrix of intercorre- 
lations of i indices 
(Eq. 43 b. Ch. X) 


The variance is thus seen to be but a special case of the covariance which 
when expressed in sigma units (reducing it to a 0 to 1.00 scale) is the correlation 
coefficient. The kinsh ip of redeviating and recorrelating processes may be thus 
clarified. (Eq. 41 can be written ££ t Ii*i = redeviating ” to show its parallelism 
to Eq. 42, but the sigma notation is more familiar and convenient than the scalar 
self-product notation in this case.) In terms of vectorial algebra, Eq. 43b is a 
matrix of scalar products of unit vectors. The unit is sigma as shown by writing 
it in the class-interval script within the parenthesis of this index in Eq. 43b. 

28 . A special subform of this process is “discriminating,” defined by Ha n ki ns 
as unequal trea tm ent of equals (Ref. 28) . In our notation this is dispersing in a 
population whose sigma has been, or theoretically should be, zero. Thus if 
members of one sect or race in a country whose constitution declares all races 
and religions equal before the law are treated differently from other sects or 
races, dis c riminat ing is going on in respect to those indices of differential treat- 
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ment. Thus, negro school children, if they receive less per capita of State school 
funds than white children in the United States, are discriminated against. 

2$. Concepts of Physics are similarly defined. Thus a “ velocity ” is a ratio 
of distance to time, regardless of whether the “content” is the velocity of a 
bullet, a feather, or a train, and regardless of whether it is expressed in units 
of feet per minute, centimeters per second, or otherwise. 

30 . See S. 36, 39, 47, Ch. X for situations in which by calculating this sigma 
the reordinating process would be measured. The dispersion of dynamic indices 
such as annual income, is an example of annual reordinating. 

31 . Redispersing and reordinating are related as a difference in two sigmas 
on two dates versus a sigma of the differences between two dates. 


t "( ir I) — *'(*1) = =fc tCT) = redispersing 
a (J) = '(*"1 - t'l) = t"(oI)2 + *'(*1)2 _ 2 t" • t'(I) 


(Eq. 45c, Ch. X) 
*"('1) *'('1) (Eq. 46b, Ch. X) 
(Cf. Eq. 18b, Ch. V) 


Thus the dispersion of incomes on date 1 1 subtracted from the dispersion of* 
incomes on date *"1 shows the net change in dispersion. But if the changes of 
income of the persons are calculated first, p ( t I), and the sigma of these then cal- 
culated, the reordinating of the incomes is shown, for this includes both change 
of dispersion and also reranking of the persons in respect to income. The corre- 
lation coefficient, *" * 4 '(I) (= r i2 in the conventional but less specific notation) 
may be less than unity, measuring reranking of the persons. Reordinating can 
thus be calculated directly as the sigma of differences, or, indirectly by com- 
pounding it out of the processes of redispersing and reranking (see below) by 
formula, Eq. 46b, Ch. X. 

32 . The velocity of this process of competing was 1% per year. This is an 
average velocity, disregarding fluctuations from the steady trend for foreign 
shipping to out-compete American vessels. (See S. 9, Ch. XI.) 

33 . The derivation and a special case or two may be noted here. The algebraic 
sum of the changes is zero, i.e., 2UV/P = 0, as gains must balance losses by 
definition. The case of competitors who are persons (not plurels) is followed in 
the notation below. By suitable shift of notation the formulae cover both. 

The standard deviation of these changes is given by : 


°v' = 2 t ,V 2 /P (Eq. 48, Ch. X) 

This is maximal when one loses all the value and another gains it all, while 
others, have none. Thus two cases show 100% deviations, and the rest 0% 
deviations. This maximum c is given by : 


max <v = (2(2V) 2 /P)- 5 = 100/C5P )' 5 (Eq. 49, Ch. X) 

The ratio of these two sigmas (i.e., the ratio derived as the square root of 
Eq. 48 divided by Eq. 49 multiplied by 100 to make the ratio a percentage) 
gives Eq. 47, when it is recalled that by definition 2V = 100%. 

Consider one special case where the competitors start with nothing (“at 
scratch ). Isote that here, if the change, V 7 , is given not as a difference in 
amounts on tw r o dates as in the case above, but as events, earnings, or happen- 
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ings in a period, t V becomes each competitor’s percentage share of such change 
expressed as a deviation from the mean share (100%) /P). 



100V' 

2V' 


100 

P 


(Eq. 50, Ch. X) 


Thus four basketball teams winning points in a season of 400, 200, 100, and 
300 respectively, converted into percentages and then into deviations from the 
mean, give an index of competing of 15.8%. 

(Cp = (.5(15 2 + 5 2 + 15 2 + 5 2 ))' 5 ) Whereas, were their winnings more equal, 
as in 300, 230, 210, 260 points, the effective competing would be reduced 
to Cp = 4.8%, as here there is less dispersion and no reranking of the com- 
petitors. In this situation, as no team plays in all games, it is physically im- 
possible to obtain a monopoly of the points as it would be were the number of 
competitors reduced to two. Even with two competitors the maximum Cp is 
50%, as their status at the start is equal, and only at the end is it a monopolistic 
status. 100% competing would be represented by the initial possession of a 
championship cup by one competitor who loses it while the other gains it, thus 
reversing one initial monopolistic status. Such a cup is an all-or-none value, 
Y° = 1. 

A second special case of common occurrence is when the data are given as a 
ranking. The formula here is : 

Cp = 100(.5 — .5r)- 5 = Cp from rankings (Eq. 51a, Ch. X) 

= 71 Vl - r 

For the sigma of gains or losses in ranks it is : 

t ,cr = t' cr ( 2 (i — r))' 5 (Eq* 51b, Ch. X) 

where *.»* = W-P" 1 and ‘'o* = W^P" 1 

Eq. 51b is the usual sigma of a difference when the two sigmas are equal, as 
the initial and terminal sigma of ranks, ov, must be, as long as P is unchanged. 

a*. = (Eq. 51c, Ch. X) 


Eq. 51a is maximal when r = —1.0 making 

max dv" = 2ov (Eq- old, Ch. X) 

Finding the percentage that Eq. 51b is of Eq. 51d gives Eq. 51a. . Eq. 51a 
is but a special case of Eq. 47a, where the ranked data are, by definition of the 
units, in a rectangular distribution and cannot appear in the two all-or none 
categories of a monopoly. Eq. 51a reaches 100% whenever the ranking of the 
competitors is completely reversed. Cp, being a sigma of a difference, is a func- 
tion of the change in the dispersion and in the correlation (i.e., reranking) o t e 
competitors. In the case of ranked data the dispersion (ov) is held constant by 
the nature of the units, leaving only the reranking (r) to determine the intensity 

of the competing, Cp. . u 

A third special case is where the situation in some way limits the complete 
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transfer of the desideratum between competitors even in the maximal instance. 
Thus among pupils in school marked 100% for perfect work and 0 % for none, 
no one pupil can accumulate the marks of all the others in a monopoly. Maximal 
effective competing is where all initial perfect marks become zero ones or vice 
versa. Here, instead of only two deviations of 100 % being possible, P such 
deviations are possible, so that the 2 in the denominator of Eq. 47 must be re- 
placed by P, resulting in Cp becoming identical with c V ' of Eq. 48. In this case 
the standard deviation of gains and losses in percentage marks is also itself the 
index of effective competing, expressing the percentage of maximal competing. 
For illustration : 


Pupil 

A 

B 

c 

D 

E 

etc. 

Marks on date *'| 

75% 

70% 

80% 

80% 

65% 

etc. 

Marks on date 

74% 

72% 

80% 

85% 

65% 

etc. 

Gains or losses = t'V 

= 1 

2 

0 

5 

0 


Gains or losses 







squared = t'V 2 — 

i 

4 

0 

25 

0 

II 

It 


( 2 t 'V 2 /P )' 5 = 

Cp = 

2.4% 

(Eq 

. 52, Ch. X) 


showing very small effective competing for higher school marks in this illustration. 

34. A special case for all these secondary processes (competing, revaluating, 
and mobility), but particularly useful in the case of revaluating where the desires 
may be unmeasurable, is that case w T here the entities begin as equals and end 
up in a monopoly by one of them. Thus alternative desiderata, v in number, 
may be rated as equally desired at first, but on study one finally emerges as the 
best, and all the desire of the plurel becomes concentrated on it alone. Here the 
formula becomes a function of the number of desiderata v. The initial equal 
desire for each desideratum is the mean intensity of desire, namely, 

,. M „ , ID. . 100% 

V V 

The standard deviation of the terminal “monopoly,” recalling that the shifts 
balance each other (i.e., that t'D^v = 0 ), is given by : 

9 t'Dyv (Eq. 54a, Ch. X) 

D “ v 

Since the deviation of the one monopolistic (i.e., exclusive) desire is 

V lhv — t 'M^ = 100% — and of the v — 1 other desires is ^Md, Eq. 54a, 

Ch. X becomes: 

cd = [(100 — 100 /v ) 2 + (v — l)( 100 /v) 2 ]/v (Eq. 54b, Ch. X) 

(Note that the small letter in the descript position denotes an aggregation and 
requires the summation sign before it to convert its meaning into a single num- 
ber, a sum ; but when standing alone, as in the denominator here, it means a 
single number without requiring the 2 sign.) 
which on expanding simplifies to : 
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100 

ctd = Md (v - l)* 5 = — (v - l). 5 = revaluating between values in the 

equality-to-monopoly ’ ’ case 

(Eq. 54c, Ch. X) 

(T D = lOOv - - 5 when v is large so that -1 is relatively negligible 

(Eq. 54d, Ch. X) 

analogously : 

<r v = M V (P — l)' 5 = -pr (P ~ l)* 5 = competing in the “ equality-to-monopoly ” 

case (Eq. 55, Ch. X) 

and 

crp = Mp(p — l)* 5 — (p — l)* 6 = mobility in the “ equality-to-monopoly ” 

case (Eq. 56, Ch. X) 


The largest numerical value of this index (Eqs. 54, 55, and 56, Ch. X) is 50%, 
which is reached when v = 2 (or P = 2, or p = 2), for this initial “equality to 
terminal monopoly” is half the range from an initial monopoly to a terminal 
reversed monopoly. This formula is useful where the units are not observable 
but the critical conditions of initial equality and final monopoly can be observed. 
Thus, a woman buying a dress which she finally comes to feel is the only one 
that will do of the initially equally favored candidates, has revaluated to the 
extent : 


50% if among 2 candidates (v = 2 in Eq. 54c) 

40% “ “ 5 

30% “ “ 10 

14% “ “ 50 

This illustrates the possibility of measuring exactly such intangible psychic 
phenomena where no units are determinate, as long as critical behavior points 
are determinable, such as initial avowed equality of feeling and final avowed 
exclusiveness, or concentration, of feeling. 

These second-order processes and attendant relations of competition, mobil- 
ity, and popularity have been defined in terms of standard deviations of shifts. 
They may also be defined in terms of the average deviation (A.D.) or other meas- 
ures of dispersion of the shifts in the factors during a period. Substituting A.D. 
for cr in Eq. 48 and Eq. 49 gives Eq. 47b as : 

adCp = 2(+ t 'V) = index of effective competing in average deviation terms. 

The sum is over either the P persons or the | P plurels 

(Eq. 47b, Ch. X) 

where +t'V denotes the positive shifts, i.e., gains in percentages. (Note that 
2(-h'V = -X(-vV) = .52 | t 'V | = .5(AD)P, since 2 v V = 0).) 

Similarly popularity may be expressed : 

v,p 

adRI = 2(+tD) = index of revaluating in terms of the average deviation. The 
1 summation is for either the v desiderata to one plurel, or 

for the p plurels (Eq. 53b, Ch. X) 
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These indices in average deviation terms are simpler for persons not trained 
in statistics to comprehend, but as a basis for correlation and further statistical 
study the indices in standard deviation terms are usually preferable. 

A note on ter min ology is in order. The secondary processes, which are de- 
fined by a formula of more than one base letter, have been assigned a two-letter 
symbol to denote the index measuring the process more conveniently : 

Mobility or repopulating = Mb = (.SXt'P 2 )- 5 = '( t 'P)(.5p)- 5 

(Eq. 57a, Ch. X) 

Competing or regrading = Cp = (.52 t 'V 2 )- 5 = °’(t'V)(.5p)- 5 

(Eq. 57b, Ch. X) 

Repopularizing or revaluating = R1 = (.52 t 'D 2 )- 5 = <r (t'E)(.5p)- 5 

(Eq. 57c, Ch. X) 

Retensing = Rt = (.52 t 'E 2 )- 5 = '( t 'E)(.5p)* 5 

(Eq. 57d, Ch. X) 
(See S. 10 and 18, Ch. X) 

Reordinating = Ro = '(t'l) = (t'l, • ,) - 5 

(Eq. 57e, Ch. X) 

The form of the symbol for “reordinating” is more general than the four above 
it, as it is not expressed as a percentage of a maximum sigma as are the four 
processes above it. These four are all derived from the tension theory of societal 
action (Eq. 34, Ch. V and Eq. 35, Ch. X). 

The term in the first column (“mobility — repopularizing”) is more generally 
the conventional term for this kind of phenomena, while the term in the second 
column (“repopulating — reordinating”) may be used to specify this kind of 
phenomena as measured by the specific indices, Mb, Cp, Rl, Rt, Ro, based on 
standard deviations. 

In order that the student shall not forget that every process and every other 
term defined in this volume by a numbered equation is deducible as a special 
case of the basic S-theory equation (Eq. 7a, Ch. X), the deductive derivation 
of the index of competing may be sketched as an example. Starting from the 
tension theory matrix equation, as this has already been shown to be but a 
special case of the S-theory equation, the V is isolated on one side. Since a 
process is being considered, time has an exponent of minus one. In Brief-S 
notation the equation for a single period is : 

t^PDE" 1 ) = t 'V (Eq. 47c, Ch. X) 

The right-hand member denotes the gains and losses in period t '| of the desid- 
eratum that is being competed for. To summarize these gains and losses in a 
single index, their sigma is taken, derived by squaring both sides of Eq. 47c and 
computing the square root of the average square, giving : 

'(t'PDE- 1 ) = '( t A0 (Eq. 47d, Ch. X) 

In order to reduce this sigma to more readily interpretable units as a per- 
centage of the maximal possible competing, both sides are divided by the ma xim al 
sigma (as described above in deriving Cp) and, for simplicity, the symbol Cp 
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denotes the left-hand member. This gives the definition of competing, Eq. 47a 
above. 

35. '(‘I) = Rv = “revarying” of an index on many dates (Eq. 58a, Ch. X) 

(See S. 37, Ch. X) 

36. A caution may be noted by the advanced student. Since this sigma is 
over a series of dates, Rv measures a process, and when divided by the overall 
time period it is one measure of the velocity of fluctuating, or instability. A 
change in the revarying is of the order of an acceleration, for here the difference 
in the velocity of revarying in two periods is found and this difference is divided 
by its appropriate time-interval, giving a time rate of change of the rate of 
fluctuating, and this is an acceleration. 

Note that, as usual in mathematics, the operations within the parenthesis 
are to be performed first. Thus in redispersing t 'CT), the sigma on each of two 
dates is first calculated and then their difference, or change in the inter-date 
period v|, is calculated. In reordinating ff (t J) on the other hand, the changes in 
the index ( t T) are first calculated for each person (or plurel, or whatever may be 
the unit of frequency), and then the sigma of these changes is calculated. In 
revarying ^(*1), the aggregation of an index on *| dates is first observed and then 
the sigma of these values is calculated. The general formula for redeviating 
(Eq. 41, Ch. X), covering all three, *1, or t Ii • r, omits the parentheses and does 
not specify the sequence of operations. 

37. The formula which includes both is : 


t'(cli*r) (Eq. 59, Ch. X) 

which states a change in period t '| in the second moments, Ii - r -, between two 
indices, each expressed in sigma units. When |i = lv (the main diagonal entries), 
Eq. 59 becomes the unit variances whose square roots are the standard deviations 
defining instances of redispersing by Eq. 45, Ch. X. When ji ^ jj (entries not 
in the main diagonal), Eq. 59 becomes the correlation coefficients defining in- 
stances of “reeodispersing” by Eq. 60, Ch. X. 

38. it' (ali . j) = “reeodispersing,” a change of a correlation coefficient 

(Eq. 60, Ch. X) 
(See S. 33, Ch. X) 


39. This is the sister process with reordinating. Reordinating is measured 
by the sigma of changes ; reco-ordinating by the correlation coefficient of changes 
in a population. Reordinating involves one changing index; reco-ordinating 
involves two changing indices. They are related again as the main diagonal 
cells to the non-diagonal cells in the matrix Eq. 43. The two together may be 
referred to as “ordinating,” measured by a function of the second moment of 
changes. For “reordinating” this function of the second moment is the sigma, 
as usually this is more useful than its square, the variance. For reco-ordinating 
(a correlation coefficient) the covariance is converted to sigma units to put it 
into a —1 to 0 to +1 scale. 
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(o-t'I)x • j = reco-ordinating, the correlation of changes (Eq. 61a, Ch. X) 

(See S. 34 and 47, Ch. X) 
(t'I)i 5 .i, Crt'I)i . j = a (t'I), r (t'IJ) = ordinating, the dispersion and the correla- 
tion of changes (Eq. 61b, Ch. X) 

(Cf. Eq. 46a, Ch. X) 

40 . Also, see in this connection such a study as Ogburn’s Stationary and Chang- 
ing Societies (Ref. 51) for an excellent collection of hypotheses which can be 
quantitatively verified by appropriate choice among the indices measuring the 
redistributing processes, provided, as always, that data for computing those in- 
dices are securable. (The S-theory can be applied only insofar as data are avail- 
able — which is a limitation common to all science, though the sciences vary in 
the availability of recorded data at present.) 

41 . This Brief-S formula is T _1 : h in full notation. For a system of culture 
complexes, subcomplexes, and culture traits a hierarchy of classification scripts, 
changing in a set of periods or dates, | t , serves thus : 

I B y t = (I)a : . . . : z)ft = differential velocities of systems of culture changes 

(Eq. 62b, Ch. X) 

Note that lead and lag is not limited to indicators. Other components may 
show differential velocities of change. Thus the length of the working day (a 
duration) may decrease less rapidly than the number of hours required to pro- 
duce a given amount of goods. For an example of spatial lead and lag, the area 
of county government has lagged behind the area accessible in a day’s travel. 

42 . This reliability is the significance ratio of a difference in means divided 
by the standard error of that difference : 

significance ratio of a difference 
between means of two indices 

(Eq. 63, Ch. X) 

For the reliability of an inter-plurel difference, substitute \ p > and | P " for |i and |j, 
and note that P p ' may not overlap with P p ^ so that the r term vanishes. 

43 . Just as reordinating is measured by a sigma of a difference (a time-change) ■ 
and can be either directly observed or synthesized by Eq. 46b, Ch. X, so reco- 
ordinating can be directly observed (by calculating the r of two series of observed 
changes) or synthesized by the formula for the correlation of sums and differ- 
ences whenever all the necessary intercoryelation coefficients and sigmas are 
available. 

44 . The formula for reranking is usually : 

t# * = the correlation of an index on two dates (Eq. 64a, Ch. X) 

But it may also include acceleration in the reranking of dynamic indices from 
two periods: 

t ' . t"(<rl) = the correlation of an index from two periods (Eq. 64b, Ch. X) 

45 . For examples see Columns b, g, and k in S. 48, Ch. X. The size of the 
correlation measures the amount of constancy in the ranking ; the amount of 
change in the ranking is given by its complement, the coefficient of alienation, 


*(i) r - m (Dj = s(i)iP^ - 

a is + <Tj/P - fP)- s 
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(1 — ' ^'I 2 )’ 5 , (see S. 12, Ch. VI). When the competitors in any field as in an 

athletic event are unchanged and their relative excellence (V) is expressed in 
ranks, then the sigma cannot change on a second race, since cr in rank units is 
purely a function of P which is constant (seeEq. ole, Ch. X, or Eq. 8S in S.17, 
Ch. VI). Then competing (or reordinating more generally) becomes a function 
solely of the reranking, as shown in Eq. 51. 

46 . Again, as in the case of revarying, if the indices are dynamic ones so that 
the series is one of periods rather than dates, then the recovarying process be- 
comes of the order of an acceleration rather than a velocity. It is then a measure 
summarizing the tendency to change the velocities of the periods. Also a change 
in the recovarying, Eq. 65, of static indices is of the order of an acceleration. 

Revarying measures the fluctuations of one index in time ; recovarying meas- 
ures the cofluctuating of two indices. They are related as the main diagonal 
cells to the other cells in the matrix Eq. 43. 

47 . The limits of these processes may be noted. They are 0 and the maximum 
of the index for redeviating processes, and either -f LOO to —1.00 for the recor- 
relating processes. 

48 . Sk = Pearson’s This Sk shows by its sign the sign of the skewing as 
jSi does not do. In symmetric distributions Sk = 0. As skewness may be + or 
— , the sign of skewing, its change in a period, must be carefully checked. Nega- 
tive skewing, — t »Sk is a change toward greater negative skewness or a smaller 
positive skewness ; and positive skewing, -K'Sk, is an increasing positive or a 
decreasing negative skewness. 

Even though simpler measures of skewdng based on differences between the 
median or mode, and the mean are used, for systematic purposes skewing may 
still be defined by the more accurate third-moment method and classed as a 
tertiary process. 

49 . They may not be completely 7 operational definitions, if the indices enter- 
ing into the formulae are not operationally defined. If the ingredients of a formula 
are merely descriptive concepts of undetermined reliability' and validity’, then 
the concept defined by that formula will be defined operationally’ in part only. 

50 . The four classes of spatial dimensioning may 7 be symbolized in Brief-S 
formulae with suggested verbal labels as follows : 

t L° = change involving points = puncting (Eq. 67a, Ch. X) 

t L +1 = change involving lines = lining (Eq. 67b, Ch. X) 

t L +2 = change involving areas = “arealing” (Eq. 67c, Ch. X) 

t L +3 = change involving volumes = voluming (Eq. 67d, Ch. X) 

(“ Arealing” is a coined term, while the verbs “to punct” and “to volume” 
are rare forms found in Webster’s Dictionary and revived here for technical de- 
notation.) 

51. The qualifying of space by societal qualities is represented by the attribute- 
space product (see Eq. 5, Cb. VIII), and is implicitly denoted by 7 the class scripts 
on the spatial indices stating the kind of space denoted. Thus in L 2 (~ I^L 2 ) of 
S. 61, Ch, X the class script |, denotes “imperial,” so that L; denotes “imperial 
area,” or “the territory of an empire.” 



CONSPECTUS OF SPATIAL PROCESSES (Note 52) 
Spacing = t L> (Eq. G7, Ch. X) 
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52 . Conspectus of Spatial Processes (see pp. 726-727 for table). 

For systematic purposes some new terms seem desirable (though usage will, 
of course, determine whether the terms proposed here are convenient or not). 
Most of the seemingly unfamiliar verbs such as “spatiating,” “puncting,” 
“voluming,” “densating “lineating,” are rare forms found in Webster’s In- 
ternational Dictionary (1915) and are here revived for technical purposes. The 
five terms in quotes are coined to have endings consistent with their row and 
column meanings — “arealing” = any change involving areas; “arealizing” 
= change of the number of areas; “volumizing” = change of the number of 
volumes; “volumating” = change of volume; and “densing” is taken from 
“densening.” For consistency throughout S-theoiy the ending “-izing” denotes 
a nullary process (| e = 0), “-ating” denotes (with some exceptions) a primary 
process (| e = 1), and "re-” denotes a secondary process (| e = 2). The secondaiy 
spatial processes may take all the redeviating and recorrelating subforms as out- 
lined for indicators, though to describe these at present seems hyper-refinement. 
Until it becomes evident that sociologists will find the major classes of this 
classification of spatial processes useful, the elaboration of its minor classes may 
be postponed. 

The references to S-situations in the 1 table are not all clear-cut examples of 
the process which they illustrate. In some cases these S-situations only record 
static data which, if reobserved later in time, would yield the process illustrated. 
These references are marked “if T _1 .” Some other illustrations are undeveloped 
and need to have sigmas or other indices calculated before they illustrate the 
process exactly. 

53 . Each of the ten combined dimensioning and distributing processes can 
occur : 

a. divided by L 1 to express it as a ratio, or percentage, of some total of points, 
lines, areas, or volumes 

b. multiplied, or divided, by a population 

c. multiplied, or divided, by an indicant, or by time. 

These combined processes, defined by ternary terms since they are indices 
with three factors ((L 1 ), (I) 3 and (T -1 )), are shown in the last four rows of the 
table above. 

These four rows might be better represented as a third degree of the matrix 
in considering each row as a page duplicating the first four rows, except for the 
additional factor of that row. This yields 40 processes potentially (the 10 cells 
(of columns 1 to 4) X 4), of which 26 (10 + 16) are indicated in the table above. 
The number of these 26 formulae, making up the subclasses of the spacing proc- 
ess, Eq. 67, permits specifying any cell, array, or degree of the matrix. Thus 
Eq. 67b means all lining processes (second column of the matrix) ; Eq. 67-1 
means all primary processes (“spatiating” second row) ; Eq. 67P means all 
populations! spacing (fifth row) ; Eq. 67cl means “densating” ; and Eq. 67cP 
can mean “densing,” the change of mean persons per area (the cell in the third 
row and fifth column). 

54 . Densing” is a simplifying of the dictionary term “densening.” Increases 
may be called “condensing,” and decreases “undensing,” another term coined 
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to fill a gap. “Densening” connotes that the number of persons has increased 
in a constant space ; but densing, being a new word, is free of this connotation 
and may mean change of persons, or of the space, or both, upwards or down- 
wards, as long as their ratio changes. 

Change of person-areas, Eq. 67c 1 P/L, may alternatively be expressed either 
as a person X area product (Eq. 67cl PL), or as a change of the ratio of area 
per person (Eq. 67-1 L/P). This latter reciprocal of densing may be termed 
“sparsing,” just as its static aspect, the inverse density described in 
Chapter VIII is “spar city.” For some purposes sparsing, t^P -1 ), may be a 
more convenient index than densing, t (PL“ 2 ). 

Note that the processes of I-densating (Eq. 67c 1 1) may similarly be expressed 
as the ratio, t (IL“ 2 ), (Eq. 67cl I/L), as its inverse, t(I _I L 2 ), (Eq. 67cl L I), or 
as the product, t(IL 2 ), (Eq. 67cl IL). The processes of T-densating may also 
be expressed similarly (except for the inverse t (T~ 1 L 2 ) which denotes a change 
of velocity of change of area). Simple densating, being always an attribute-space 
product, I°L 2 , is equivalent to the inverse ratio L 2 /I°, since multiplication by an 
attribute is equivalent to division by an attribute, just as x°y = ly = y/x® 

= y/i = y* 

55. For examples suggesting some of these subforms see : 

S. 10, Ch. VIII potential room for expansion of population by continents 

S. 12, Ch. VIII densities of the various nations in 1920 

S. 15, Ch. VIII a static situation of persons per room, which is a density 

and becomes densing as it changes in time 

S. 63, Ch. X lynchings by States in 32 years 

S. 67, Ch. X growth of territory by nations (area per specified plurel) 

56. (.5(t'%L 2 ) 2 si)* 5 = Ena = “ remapping” (Eq. 69, Ch. X) 

(Cf. Eqs. 14a and 47, Ch. X) 


57. The formulae for periodizing are : 

periodizing, the liM of date (oc- 
currences) in a series of periods 

(Eq. 70a, Ch. X) 
(See S. 38 and 52, Ch. X) 

Its velocity is: T = velocity of periodizing, the number of date per period, 

| a = 91 ,0 ;0 (Eq* 70b, Ch. X) 

58. The two directions of durating may be called “prolonging” and “shorten- 
ing.” 

t . T* 1 = durating (Eq. 71a, Ch. X) 

4- t . T+i = prolonging (Eq. 71b, Ch. X) 

— t . T* 1 = shortening (Eq. 71c, Ch. X) 

Durating may, of course, be for some quality, or person, or plurel, or for an 
aggregation of them, expressed as a mean durating. It needs to be clearly dis- 
tinguished from the populating process distributed by ages. The quantie for- 


t/T -1 : T° : 'T° = / T " 1 : = t >CT°) = t':*| = 

Full formula, Full formula, Brief-S 

1° explicit 1° implicit formulae 
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mula is the same for “ durational populating” and for “populational durating,” 
but the difference is clearly shown in the descriptive formula where the de- 
pendent index, P or T +1 , whichever by the regular rules is written last, is the one 
changing. Thus a changing population pyramid has the formula t T~ 1 : tT 1 " 1 : p 
(Brief-S = t/uP), showing it to be a durational populating, while a changing ex- 
pectation of life may be t T _1 : P p : T +1 (Brief-S = : *T P ), showing it to be a 
populational durating. 

This principle was induced from inspecting the situations of change involving 
both P and T +1 which the student may verify for himself. 

Durational Populating 

(change of P classified by t T +1 ) 

S. 26, Ch. II t T -i : (j'T 1 : P p : q ) r 
S. 74, Ch.X t T +1 : # ( % P T" 1 ) 

S. 75, Ch. X 0T-* : t T +1 : P p ) q 2p 
S. 77, Ch. X tr-i : t T +1 : P p 

S. 79, Ch. X t T +1 : ^ : % Pp 

S. 81, Ch. X tT +1 : ' * 

(a correlational durational populating) 

S. 82, Ch. X t T+i . ( % PT-i) p : q 

S. 42, Ch. XI t'T- 1 : a * *T +1 : ^PT" 1 ) 

(an acceleration) 

S. 43, Ch. XI t'T' 1 : U T +1 : ( % PT-*) p 
(an acceleration) 

S. 11, Ch. XII t'T +1 : ( % PT“ 1 ) p 
S. 13, Ch. XII ( t T +1 : *P/r*) p 
S. 14, Ch. XH t T~ 1 : ( t T +1 : % P) p , Sp 

In addition to these attribute-durating and populational-durating processes 
there are the less frequently recorded indicant-durating and spatial-durating 
processes. Por an example of the latter, see S. 84, Ch. X, the change of travel 
time for a given distance from Pittsburgh to Philadelphia. If the inverse of travel 
time per distance were reported, it would be a linear velocity, a speed of travel, 
which, as it changed with the years, would become an acceleration. 

The relation of durating processes to acceleration is very close. The distinction 
depends upon the somewhat arbitrary rule given in Chapter IX for distinguishing 
a duration from a change, a collection of ages up to the present from a growth 
over a period. Durational processes have the quantic of T _1 T +1 , while accelera- 
tion has T“ 1 T~ 1 , i.e., | a = 91 ;i ;1 ;p for durating, while | s = 8 ;i ;1 ;p for accelerat- 
ing. All these durating formulae are ternaries of the form T _1 T +1 (I). 

For a situation, the formula of which is a quaternary, see S. 29, Ch. II with 
the quantic formula T" 1 T+ 1 I +1 P +1 . No quinary (T _1 T +1 ILP) durating processes 
have yet been observed by us in the social science literature. 

59. The detailed formulae for the secondary durational processes are found 
by substituting T for I in Eqs. 45, 46, 48, 60, 61, and 65, Ch. X, and adjusting 
scripts in the Brief-S formulae so as not to confuse durations and changes. 


Populational Durating 

(change of TN 1 classified by P p ) 
S. 2, Ch. II P, : *T, r 1 : T, + 1 
S. 80, Ch. X t T" 1 : P p ; q : T+ 1 
S. 85c, Ch. X I? : M (T+ 1 P' 1 ) 

S. 10, Ch. XII -P : t T +1 : T^ 1 
S. 12, Ch. XII P p : ^T" 1 : T +1 
S. 15, Ch. XII P 2p : [T- 1 : % T +1 
(a per capita durating) 
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= durational redispersing (+ = dispersing; — = equalizing) tlie 
change in a period t '| of the sigma of a set of durations 

(Eq. 72, Ch. X) 

*( t . T) = rescheduling, the sigma of a set of changes in duration 

(Eq. 73, Ch. X) 

*(t : T) = durational revarying, the sigma of the durations on a set of con- 
secutive dates (Eq. 74, Ch. X) 

The average deviation is simpler than the standard deviation and for some 
purposes may be preferable for defining these temporal processes. 

= durational reranking or resequencing, the correlation between 
durations on two dates (Eq. 75, Ch. X) 

zbt'(T, • ,;) = durational recodispersing, the change of correlation between 2 sets 
of durations (Eq. 76, Ch. X) 

C : T), . „ = durational recovarying, the correlation between 2 kinds of dura- 
tions in a series of periods (Eq. 77, Ch. X) 

In these formulae the “set” referred to is the total frequency of a distribution 
in which the uni ts of frequency may be persons or plurels, or less often, indica- 
tors, spaces, or even durations. 

For a single versatile situation capable of illustrating all the secondaiy tem- 
poral processes, study S. 83, Ch. X. The number of carfloats in a day is the 
amount of the periodizing process. The velocity of periodizing (i.e., the rate of 
occurring of carfloats per day) is 7 per day (except for a few days such as 5 on 
January 12). The duration of the interval between the loading of a carfloat 
by a locomotive and the towing away of it by a tugboat (time between solid and 
dashed lines of a pair in the graph) changes from one day to the next and is an 
example of durating. The duration, w T hich is a delay here, is either prolonged or 
shortened. These seven changes of duration may be averaged for the seven 
floats for any pair of days yielding a mean durating. The mean durating may 
alternatively be calculated by subtracting the mean duration of the seven floats 
on one day from the mean duration on the next day. 

Next the sigma of these seven durations on one day may be subtracted from 
their sigma on the next day, thus measuring the redispersing process. The sigma 
of the durations of one float along the horizontal line for the 15 recorded days 
would measure the durational revarying, the constancy or fluctuations of the 
delays for any one float. Next, the sigma of the 7 differences between the corre- 
sponding durations in two columns measures the rescheduling, the variability 
of the schedule from one day to another. This could be averaged for all pairs 
of successive days to obtain a mean rescheduling. The correlation between the 
durations in two col umn s measures the rera nk i n g of the durations between two 
dates. The reranking and redispersing combine to give the rescheduling by the 
usual formula for the sigma of a difference. Recovarying is the correlation be- 
tween a solid and its paired dashed line, the time of loading correlated with time 
of leaving in the time series of 15 days. Recodispersing can be illustrated, some- 
what artificially, by shifting the duration from being the loading-to-leaving 
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interval to being the loading-to-midnight interval and the leaving-to-midnight 
interval. This yields two durations to correlate — the seven times of loading 
with the seven times of leaving on one day. The change in this correlation from 
one day to another measures the recodispersing. The effect of the blizzard of 
January 7 and of the Sunday lulls affects almost all the secondary processes. In 
summary in S. 83, Ch. X : 

dispersion = sigma of durations in one column 

redispersing = change of this sigma between 2 columns (i.e., dates) 

rescheduling = sigma of changes between 2 columns 
revarying = sigma of durations in one row 

recovarying = correlation between 2 rows 
reranking = correlation between 2 columns 
recodispersing = change between 2 columns in the correlation between 2 dura- 
tions in one column 

60. This momentum is a “complex-single” process as it is measured by a 
single ternary index which always has at least three factors : 

(I) , some index denoting what changes 

T' 1 , denoting the time of the change, an essential factor in the velocity ratio 
P, the essential factor making a process become a momentum, which is de- 
fined as the product of a velocity of change and the number of people 
changed. It is the product of a speed of change and its extensity in a 
population. 

61. An example of the western scientific hygiene culture complex, which had 
been reduced to measurement penetrating in this sequence into a backward dis- 
trict of Syria, is given in the author’s A Controlled Experiment on Rural Hygiene 
in Syria (Ref. 12, p. 206). 

62. The previous index of stability between generations measures the degree 
to which a characteristic is an inheritable one. Momentum here measures the 
extensity with which the characteristic is actually transmitted in one generation. 

For a discussion of biological heredity vs. environment with the sterility of 
tliis issue as usually stated and a proposed restatement in terms of pre-conception 
and post-conception influences, see Lundberg’s comments in Chapter XI of 
The Foundations of Sociology . 

63. In using this momentum index, its standard error of sampl in g should be 
determined. When the population is constant, its formula is : 

ff Mm = (I ^PT- 1 = standard error of momentum (P unchanged) 

(Eq. 87, Ch. X) 

where M is the standard error of the index of change determined by the usual 
formulae. (See Ref. 16.) 

64. In such a summative combination the index of the process 1 is a polynomial 
(binomial, trinomial, etc.), as contrasted with the single process which is defined 
by a monomial. In determining the relations of aggregated processes to any 
other processes, multiple correlation technics will be much depended on. In 
these cases the summative combination of the variables of the multiple te am 
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in the regression equation indicates the utility of postulating a summative 
combination as a first approximation (assuming suitable units and origins!. 
More accurate combinative functions should result from research, 

65 . Only the positive value of the square root of a variance is used in cal- 
culating Cp. 

66. Of these two technics the second is probably more sound. If generally 
practiced, it will build a science based on measured entities whose relations are 
measured and hence can be systematized and predicted. The first technic in- 
volves the dubious assumption that these three processes are each wholly con- 
tained in exploiting, and that exploiting is an arithmetic sum made up of these 
three processes plus residual processes. This assumption is expressed in formula 
Eq. 43 (S. 7), Ch. VI, viewing correlation in terms of percentages of elements, 
common and specific. But it is not known whether this assumption is true in 
this situation, i.e., is j = 0 j or are there no specific components in any of the 
three processes which are not included in the sum “ exploiting”? Eq. 42, Ch. VI 
is general and is a safe assumption, but here in proportion to the relative size of 
j, the specific elements, the multiple correlation coefficient can never reach unity. 
The “ residual” processes then would have to be considered not as something 
to be added to the three, but, in part at least, as something to be subtracted 
from “coercing,” “competing,” or “dispersion” in order to reduce their specific 
elements to zero and make Eq. 43 of S. 7, Ch. VI hold true. This means that, in 
the search for residual components to achieve a deattenuated multiple correla- 
tion of unity, both negative residual components to cancel out specific elements 
in the predictive team of the three constituent processes and positive residual 
components to add to the team must be found, in order to measure the elements 
which were previously specific to the criterial or dependent variable “ exploiting.” 

But these controversial and unproved assumptions are avoided by the second 
technic of calling “exploiting,” as measured by the rating scale , one process, and 
calling the sum of the other three, as measured, another process, and proceeding 
to study the relations between these two processes, each of which is now defined 
and measured without resting on dubious assumptions. 

The social scientist studies the strands of the complex w T eb of our social life, 
seeking to analyze that he may then resynthesize the total pattern or any part 
of it. His first step is to fix on +he “strands” w T hose interweaving he will tiy to 
trace. If he chooses a strand which proves to be not a singly acting unity, as he 
supposes, but a shifting composite, his findings will be confused. To measure a 
social entity is to define a “strand” unambiguously, preparatory to tracing out 
its relation to other strands and eventually to the whole pattern. 

67 . For a more refined mathematical formula for evolution in the field of 
biological phenomena and therefore expressed in indicators more observable 
in that field, see: Wright, Sewall, “A Statistical Theory of Evolution,” Jour . 
Amer. Stat. Assoc., Vol. XXV, N.S. 173A, March, 1931, 

68. In addition to these eight examples of hypotheses towards reducing aggre- 
gate processes to measurable entities, a fewr others are sketchily listed below. 
The imaginative student, who is versed in S-theory and in the sociological liter- 
ature, may readily extend the list. The invention of such hypotheses is relatively 
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easy compared to the vast amount of painstaking work, including organized 
collection of data, which is needed to verify the hypotheses and test their utility 
for purposes of prediction and control. 

Commercializing — The competing of a minority for money is superposed upon 
the co-operating of another plurel, as when someone fences oh and charges ad- 
mission to some picnic spot previously enjoyed freely by the public. 

+tV Co ; Cp ? = (I) cm (Eq. 98, Ch. X) 

subtypes of “co-operating” and “competing” = “commercializing” 

Persecuting — One party is coercively giving unequal treatment to another 
party supposedly its equal, as when one sect with political power legislates against 
another sect of fellow citizens. 


t(*V) ; Cr ? = (I)pt 


“discriminating” and “coercing” == 


(Eq. 99, Ch. X) 
“persecuting” 


Stratifying — When a population is dispersing into a hierarchy on some scales, 
and when the mobility" between the levels approaches the vanishing point as in 
the castes of India of old, stratification exists. Stratifying is the hardening of 
such ordination. It is the increasing of super ordination and subordination com- 
bined with making the barriers between levels more effective. The opposite 
trend, which might be termed “unstratifying” or “democratizing,” is a com- 
bination of equalizing the status of the dispersed classes and increasing gross 
mobility. When Hindu outcastes are being newly admitted to temples and 
allowed to mix in other ways with the upper castes, “democratizing” describes 
the process. 

% 

+t('I) ; < Mb G ? = +(I) Sr (Eq. 100a, Ch. X) 
“dispersing” and low “mobility” (i.e., less than average) = “stratifying” 

-tCI) ; > Mb G ? = — (I) Sr (Eq. 100b, Ch. X) 
“equalizing” and high “mobility” (i.e., greater than average) = “unstratifying” 

Sporting — In sportsmanship, typified by competitive athletics, there is first 
of all a common desideratum promoted, such as “exercise with excitement,” 
+tV,, As a means to this end competing is introduced. The sportsmen are 
striving to obtain all or most of the subordinate desideratum, “winning this 
game,” Cp for +V„. Inevitably some lose, and the final test of sportsmanship 
is to be a good loser, to reduce one 7 s desire for winning the particular game 
that is already lost, — tD„. Poor sportsmanship results from lack of any one 
of the three constituent processes, as when the players cease to care most about 
co-operating in “getting on with the game/ 7 or cease to compete, Cp, either 
through losing zest towards winning, or through letting their zeal spill over into 
slugging and conflicting, — t Pv, or “grouch” about losing, +JD„. 

+tV , ; Cp„; - t D„ ? = (I) Spr (Eq. 101, Ch. X) 

subtypes of “co-operating 77 and “competing 77 and “accommodating” 

= “sporting 77 
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Integrating — Frequently several related processes are going on concurrently. 
Thus ‘‘integrating” might be a label clapped onto the four integrative processes 
where people are associating into fewer groups, are assimilarizing their charac- 
teristics, are accommodating their mutually incompatible desires, and are co- 
operating towards common desiderata. 

— t(|sp) ; -t(lsi) ; (-tD) ; (+ t Vco) ? - +(1)1** (Eq. 102a, Ch. X) 
“associating” and “similarizing” and “accommodating” and “co-operating” 
= “integrating” 

For further societal processes which have been proposed as concepts for 
Sociology, as well as for a review of classifications of societal processes, the 
student should study Eubank’s chapter on Societary Action (Process) (Ref. 25, 
Ch. XIII). 



Chapter XI 
FORCES, T- 2 

L ACCELERATION AND DECELERATION, ( I)T ~ *, 

BINARY CELERATION 

A. Definitions 

The last chapter explored the varieties of the velocity of societal 
change. The present chapter studies change of velocity, or more 
exactly, the time rate of change of velocity of a societal change. 
This is currently called acceleration, and is defined by a ratio in 
which time appears to the second power and appears in the 
denominator : 

T“ 2 (I) = an acceleration or deceleration of some index 

(Eq. la, Ch. XI) 

s = 8;i;l;p = the quantic number for any celeration 

(Eq. lb, Ch. XI) 

Societal phenomena in the class defined by T~ 2 belong in the 
quantic solid diagramed in S. 33, Ch. II, in the right-hand array 
of three piles of blocks from the right foremost to the rearmost 
pile. The discussion of this array will complete the systematic 
exposition of the quantic classification of quantified societal data 
which is provided by the S-theory. All of the quantic classifi- 
cation will then have been cumulatively discussed, sector by sec- 
tor and exponential dimension by exponential dimension within 
each sector. The student will then be equipped to analyze any 
quantitatively recorded situation into its descriptive formula and 
classify it by its quantic number. 

“ Acceleration” has hitherto denoted positive or negative 
acceleration according to the increase or decrease of velocity. 
“Deceleration” is the term used by physicists for a decreasing 
velocity, but acceleration conventionally means either increasing 
velocity or changing velocity. To avoid confusion, it is here pro- 
posed to use the term “celeration” for the rate of change of 
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velocity, positive or negative, and reserve the term “acceleration” 
for positive celeration only. 

A celeration is expressed as the number of units changing per 
period per period. Thus, an annual income is a velocity expressed 
as dollars-per-year, and its increase is an acceleration expressed 
as the increase of dollars-per-year per year. (See S. 26, Ch. XII.) 
The number of telephone calls per hour is the ordinate in S. 15, 
Ch. XI and measures the velocity of the process of telephonic 
co mmuni cation in that plurel, while the rising and falling of the 
curve (the change of ordinate) measures the positive and nega- 
tive celeration of communicating in units of telephone calls per 
hour per hour. Again in S. 2, Ch. XI the ordinate measures the 
velocity of the birth process in units of births per year, while 
the difference in any two adjacent ordinates measures the celera- 
tion of the process in units of birth per year- per year. Positive 
and negative societal celeration, acceleration and deceleration, 
are thus the speeding up and slowing down respectively of any 
societal process. 

B. Classification of Celeration by Temporal Pattern - Trends, Cycles, 

and Fluctuations 

Since celerations are a time series of dynamic indices, they 
may be classified, in common with all time series, as steady, 
periodic, or irregular, i.e., into trends, cycles, and fluctuations. 

In the case of a trend, the tune curve tends to rise steadily 
(or fall steadily) with the length of time within some specified 
period tha t is studied. The amount of the velocity (the ordinate 
* as conventionally graphed) tends to vary with the duration of 
time (the abscissa). The velocity of the periods is correlated 
with the total duration up to each period. A formula for this is: 

(I)T -1 • T+ 1 ^ 0 = trending celeration (Eq. 2, Ch. XI) 

This states that the scalar product of the velocity of change 
and the length of time is not equal to zero. The correlation coeffi- 
cient is not zero ; it is either greater than zero for an acceleration 
or less than zero for a deceleration. If the data are fitted better 
by some curve than by a straight line, the correlation coefficient 
is replaced by the correlation ratio for curvilinear correlation. 
Eq. 2, Ch. XI, states the amount of tendency towards a trend. 
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The slope of a straight-line trend is given by the regression equa- 
tion derived from Eq. 2. 

For an example of a steady trend see S. 10, Ch. XI, where the 
percentage circulation of religious periodicals in the United States 
has decelerated throughout the present century. For an example 
of a trend fitted by a curve note the excellent fit of the ogive of 
the normal probability curve in S. 5, Ch. XI, showing the initial 
acceleration and final deceleration in the enacting of compulsory 
school laws in the Northern and in the Southern States. 

The accelerating trend of single culture traits is more easily 
observed than the trend of culture complexes, or of a total culture. 
These latter await the invention of complex indices for summa- 
rizing them in operationally specified ways, such as the various 
economic indices or the collection of societal indices in S. 23, 
Ch. XII, showing trends in the Soviet Union. Some single simple 
indices, however, may indicate major trends. Thus, the steady 
acceleration of patenting in the United States since 1870 indicates 
a trend towards a cumulatively complicated technological culture. 
The function of trends and cycles in prediction will be more fully 
discussed in the next chapter. 

In the case of cycles there is correlation (usually curvilinear) 
between the societal velocity and the duration within each of the 
cyclic periods. This is the trend formula repeated for each of the 
cycles, t |, namely: 

tCIT -1 • T +1 5*— 0), cyclic celeration (Eq. 3, Ch. XI) 

The period of one cycle is determined by finding that period which 
yields the highest correlations (in the parenthesis of Eq. 3). 

For examples of seasonal cycles of celeration see S. 25, Ch. XII, 
where robberies rise in winter; S. 25, Ch. XI, where commercial 
failures wax and wane with the season; S. 19, Ch. XI, where 
malaria accelerates in summer and decelerates in the fall. For a 
daily cycle, note S. 15, Ch. XI, where telephone calls accelerate 
in the morning, drop at noon, rise again, and finally decelerate 
by evening. For business cycles of depression and prosperity see 
S. 17, Ch. XI, showing steel construction, and S. 25, Ch. XI, 
showing various economic indices from the depression of 1921 to 
that of 1933. For a life cycle study, see S. 7, Ch. XII, showing 
earning cycles of the poor. An institutional life cycle is dia- 
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gramed in S. 16, Ch. XII, and fuller discussion with hypotheses 
of such cultural cycles may be found in abundance in the sociolog- 
ical literature (see Refs. 6 and 66) . The ascertaining of a cycle is 
the first step towards predicting that phenomenon's future course 
and modifying the cycle if desired (as in controlling malaria in 
S. 19, Ch. XI). 

In the case of fluctuations, there is no correlation between the 
velocity of the societal change and the length of time it has been 
observed. 

IT -1 • T +1 = 0 = fluctuant celeration (without trend or cycles) 

(Eq. 4, Ch. XI) 

Fluctuant celeration is also the residual celeration after the 
removal by statistical computation of any secular trend and cyclic 
celeration. If the fluctuations are major ones, i.e., short-time 
trends, they may be termed “ lunge" and “lapse.” What is a 
short-time and what is a long-time trend is relative, but it can 
be fixed by specifying the duration or the limiting dates in any 
given data. Thus, the income for foreign missions lunged ahead 
during the World War (see S. 14, Ch. XI) and lapsed slightly 
thereafter. These terms are not to be confused with cultural lead 
and lag which compare either plurels or indices of culture traits, 
whereas lunge and lapse compare periods. 

Whenever the acceleration of change is, (a) swift, (b) does not 
revert to its former condition, and (c) involves a large number 
of societal indices representing a large segment of the culture of a 
population, it is called a revolution. Thus, a political revolution, 
as in the United States in 1775-83, or the Industrial Revolution, 
are instances of sudden accelerations of changes which persist 
and which involve the whole political or economic culture. The 
general revolution of Soviet Russia since 1917, illustrates swift, 
apparently enduring, and a many-sided societal change. When- 
ever the acceleration of societal change and the number of charac- 
teristics changed are extreme deviants from the normal, it may 
be termed a revolution in the subsector defined by the indices of 
those characteristics: 

-f-> +<r (T” 2 I)i >5 o% = a societal revolution (Eq. 5, Ch. XI) 

This formula specifies a societal revolution as a supernormal posi- 
tive acceleration of change in a majority of characteristics of some 
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specified type. “Supernormal” was defined in Chapter Y as 
greater than one sigma above the mean ( > + a) in some fre- 
quency distribution. Here the distributions are of societal accel- 
erations (T~ 2 I) and of their extensities (|i). The fact that the 
revolutionary changes persist is the behavioristic proof of their 
being desired by the population undergoing the revolution, and 
justifies using the evaluative term “supernormal” rather than 
the objective non-evaluative term “maj orate” as defined in 
Chapter Y. 

The function of a definition such as Eq. 5, Ch. XI, is to provoke 
better observing of societal phenomena. To determine whether 
any situation is a revolution, or what degree of deviation from 
normal it represents, requires the prior observing of many similar 
situations, reduced to indices, with distributions of their accelera- 
tion and their extensities. With such a background, an applica- 
tion of Eq. V to a given situation will yield more scientific “under- 
standing” of it and a predictive probability for it. 

C. Classification of Celerations by Sectors 

The index of the celeration may be homosectoral. The speeding 
up or slowing down of a process may be of an indicatory, a popu- 
lational, a spatial, or a durational process. The graphed situations 
at the end of this chapter are grouped by sectors — first indicatory 
celerations, then populational ones, then their combination in 
distributional celerations (which are societal forces as will be 
seen below), then spatial and durational celerations, and finally 
celerations of such secondary processes as recorrelating and inter- 
acting. 

In graphs of celerations the ordinates are usually velocities 
(i.e., dynamic indices, (I)T -1 ) and the abscissa conventionally 
represents time, so that a difference in any two adjacent ordi- 
nates measures the celeration in the period between those two 
ordinates. The slope of the curve is here the celeration. The slope 
is the tangent of an angle, (IT _1 )/T, the ratio of ordinate to 
abscissa. But sometimes the ordinates are static indices, and with 
time as the abscissa, the slope measures the velocity. Here changes 
in the slope, alterations of curvature, represent celeration. In a 
smooth curve which is expressible in a calculative equation, the 
first differential of Calculus states the velocity at any given date 
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and the second differential states the celeration. Thus, the popu- 
lation curve of the United States, projected into the future by 
various methods of estimating in S. 19, Ch. XII, has static units 
as ordinates, but the changing slope of the curve shows accelera- 
tion first and then expected deceleration in the latter part of the 
present century. The Reed-Pearl logistic curve of population 
growth is a similar example. Pemberton’s fitted ogive of the 
normal probability curve (S. 5, Ch. X), showing growth of mem- 
bership in the National Congress of Parents and Teachers, meas- 
ures by its slope the velocity of this adpopulating process, and 
by its change of slope the celeration of this process. 

In the case of spacing (i.e., spatial processes), the rate of change 
of linear velocity is the physicists “acceleration.” (See S. 39, 
Ch. XI.) But for societal purposes “acceleration” can as well be 
applied to changing rates of change either of areas (as in the 
annual crop acreage of S. 44, Ch. XI) or of volumes (as in daily 
per capita water consumption of S. 73, Ch. X). 

In the case of timing (i.e., temporal processes) two subtypes 
are : (a) the rate of change of a changing duration as the travel 
time from Pittsburgh to Philadelphia (S. 84, Ch. X) since 1812; 
and (b) the rate of change of such processes as periodizing, re- 
varying, recovarying, and reranking, where the velocity" of the 
process is somewhat obscured in the index defining the process. 
The rule is simply to observe the time rate of change of the indices 
defining these processes. 1 * 

II. SOCIETAL FORCE, T~*(I)P, TERNARY CELERATION S 

A. Definition of “Force” and Examples 

The necessary foundation of concepts has now been laid so 
that the superstructure defining a societal force can next be con- 
structed. This concept is much used in the sociological literature. 
The journal of Social Forces evidences this use in its title. In other 
social sciences the concept is used with appropriate adjectives, 
such as an economic force, a political force, an educational force, 
etc. A force is conceived as something that does something — 
and that is about as definite as the notion often is. It is here 


* For Eqs, 6a-d, Ch. XI, see notes at end of chapter. 
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proposed to define again, 2 operationally, and with mathematical 
exactness the concept of a force in the social sciences. 

A societal force is here defined as the celeration of change in a 
population. A force is measured as the product of the celeration 
and the population celerated: 

F = T~ 2 (I)P = a societal force (Eq. 7, Ch. XI) 

For an example of a societal force consider the economic force 
of taxation. The annual tax rate in dollars per year in the case 
of a poll tax is the velocity, IT -1 , of this particular taxing process. 
If this rate is changed, its annual rate of change of velocity is an 
acceleration, IT -2 . If, finally, it is multiplied by the number of 
persons taxed, one has a measure of the total force, T "IP, of this 
tax in the specified population and period. The force varies with 
the number of taxpayers and with the annual tax rate and its 
rate of change. Increases in this are positive forces, decreases in 
this are negative forces. The force is here expressed in units of 

person-dollars per year per year. 

For an educational force consider a school requiring five course 
units per year of its students (IT -1 ) . This is one rough measure of 
the velocity of the educational process as defined in this situation. 
If the school raised the requirement in one year to six courses, 
the process would be accelerated one course per year per year 
(T~ 2 I) in that particular year. If this is multiplied by the number 
of students thus accelerated one has one measure of the educa- 
tional force in that situation, expressed in units of student-courses 
per year per year. To teach more students means a greater educa- 
tional force; but also to teach a larger body of knowledge in a 
given tim e means a greater educational force (or alternatively, 
to teach a given body of knowledge in less time means a greater 
force). 

For a force of public opinion, consider an attitude test (I) 
which yields a score reflecting the intensity of a person’s feeling 
on some public issue, such as an immediate declaration of war 
on another nation. Suppose the war fever is rising and with the 
test repeated at monthly intervals the velocity of increasing war 
enth usiasm is measured; an overt act by the enemy which sud- 
denly increases this velocity in one month, produces an accelera- 
tion. If instead of an average score the total score of all persons 



Ch. XI] 


FORCES, T~* 


743 


taking the attitude test is used, this sum of variable scores of 
P persons is equivalent to a product of P and a constant score 
(he., the average score). The acceleration of the total score, ex- 
pressed in score units per month per month, is here one measure 
of the force of public opinion pushing that nation towards the 
war. Again the force varies with each of its three constituent 
factors : (a) the number of people stirred up, (b) the intensity of 
their feeling, and (c) the speed, or shortness of the time. 

This definition of a force in Eq. 7, Ch. XI is for an effective 
force, since it is defined by its observed and measured effect. It 
is also a net force, since it is that which accomplishes the observed 
changing over and above whatever resistances there may have 
been in the situation. This definition is not an analogy from 
Physics, although it is based on analogous reasoning. 3 * The 
reasoning is based on the principle that science as systematized 
and verified observations can be best verified by different per- 
sons, if its systematizing concepts are operationally secured from 
objective observations. The index is the record of objective 
observations. 4 

The formula, Eq. 7, specifies the operation of twice dividing 
the index by the time and multiplying by the population. By 
providing an objective and operational definition of a societal 
force, Eq. 7 should make the concept of a force more determinate 
and, therefore, more useful for prediction and control of dynamic 
societal phenomena. 

5. A Societal Paraphrase of Newton’s Laws of Motion 

Before proceeding to analyze societal forces by exploring the 
units in which they are measured or, to synthesize forces into 
systems, the assumptions of this definition of a force should be 
exposed. These assumptions may be conveniently expressed, for 
societal phenomena, by using historical precedent and paraphras- 
ing Newton’s three “laws of motion” for physical phenomena. 
This paraphrase, it should be clearly understood, does not assert 
that physical laws carry over into societal realms. The paraphrase 
is viewed by the author as not stating a law of nature or of society 
at all, but simply as a generalization which proposes an opera- 

* For Eqs. 8a-b, Ch. XI, see notes at end of chapter. 
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tional definition of the concept “force,” in the form of a frame of 
reference by which a force may be quantitatively determined. 

The paraphrase is: 

1. Whatever changes the status of a population, or its process 
(changing), in rate or direction is called a societal force. 

2. The societal force is proportional to the rate of change of 
the rate of societal change, and takes place along the line defined 
by the index measuring the change. 

3. Forces and their total resistances are equal and opposite. 

In terms of S-theorv, where a static index measures the status 

u / 

of a population and a dynamic index, (IT -1 ) measures the rate 
of its changing, and where every index defines a direction (a 
vector) in societal space, the first two propositions can be more 
compactly stated as : 

1 . A societal force is whatever changes an index of some popu- 
lation. 

2. The force is proportional to the celeration of the index and 
acts along the vector defined by the index. 5 

The first proposition simply proposes a name for the speeding 
up or slowing down of change in some respect in a population, 
and proposes the existing condition as a zero point from which 
to start measuring amounts (or directions). Instead of the existing 
state of static or changing phenomena any other state could be 
taken, but then the problem would be to choose which of innumer- 
able possible states to take as the standard zero point. The state 
existing w T hen our observing starts is unique, it is operationally 
defined, and it is objective in that it secures agreement between 
different observers as to what to call the zero point. There is no 
metaphysical implication that the present condition is the normal 
nature of society; it is merely an arbitrary but highly useful con- 
vention to standardize zero points in the flux of societal phe- 
nomena that seethes around us in a myriad of shifting patterns, 
so that we may standardize our measuring of societal forces rela- 
tive to su'ch zero points. It is comparable to adopting the freezing 
point of water as the zero point on the centigrade scale for tem- 
perature. Such a convention serves well until, for any given 
characteristic, further research supersedes it by the discovery of a 
more natural, or more logically compelling, or more constant, or 
even an absolute, zero point for that particular characteristic. 
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The second proposition proposes units for measuring amounts 
and directions of a force from the zero point. It proposes that 
the unit of force be proportional to the celeration of a unit of 
the index (IT -2 ). The most convenient proportion is unity, 
which makes the unit of the index the basic factor in the unit of 
force. The other factors are time and the population which is 
only implicitly suggested in such phrases, in the propositions 
above, as “change ... of a population.” Accordingly these 
propositions are less exact than the definition of a force given by 
Eq. 7, Ch. XI. The unit of force in its various forms is further 
discussed in the next section of this chapter. 

The last part of the second proposition defines a force as a 
vector quantity, i.e., as having both amount and direction. The 
direction of a fine is measured by units of angle, such as the 
360 angular degrees of a circle, from another line taken as a 
standard of reference. Whenever such a standard reference 
vector is lacking, as it is still lacking in most sets of societal data, 
the next best alternative is to measure directions relative to the 
other vectors by plotting the angles between every pair of indices 
in a specified situation. These angles are specified (as described 
in Chapter VI) by their cosines, which are operationally secured 
by calc ulating the correlation coefficients between the two indices. 
This angle between the two vectors representing two forces meas- 
ures the degree of qualitative differenee-to-similarity of the two 
forces. It measures the extent to which they overlap and the 
residual extent of their independence. It measures the extent of 
their co mm on component and the extent of their different com- 
ponents. The vector then specifies the qualitative kind and the 
quantitative amount of a societal force. 

The third proposition makes it possible to write an equation 
balancing all the positive and negative forces of a given kind 
(i.e., along a specified vector) that are acting in a situation. Often 
some of these component forces are not identifiable, much less 
measurable with our present technics, and then the equation is 
only an hypothesis by the aid of which we can reason about and 
sometimes manip ulate the forces, known and unkn own, in the 
total situation. For some simple examples of the balancing of 
explicitly recorded societal forces consider S. 38, ' Ch. XI, where 
the rise or fall of monthly railroad revenues, expenditures, and 
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net revenues are three forces related in a system where the third 
is the difference of the first two : 

s/MoV (F, — F„ = F,„) = the equation of business forces 

(Eq. 9, Ch. XI) 

This states that the income forces, less the resisting expendi- 
ture forces, equal the profit-or-loss forces. The forces are expressed 
in the same units of dollars per month per month for one business 
plurel. This equation is the essence of all business forces. The 
essence of business, as far as it is measured in monetary units, is 
to maximize the income forces, to minimize the resisting expendi- 
ture forces, in order to maximize the positive difference as a 
profit. 

For another typical example of explicitly recorded balanced 
forces consider S. 8, Ch. XI, which shows the positive force of 
apartment building in the United States exactly compensated by 
the negative force of house building. The exact compensation is 
due to expressing each in units of percentages of their sum, as 
thus any decrease of one part of the whole is necessarily compen- 
sated for by the increase of other parts. (For other examples of 
this percentages-of-the-whole type of forces see S. 9, 11, 12, 20, 21, 
31, and 37, Ch. XI.) 

C. Units of Force 

1. The Problem of Comparable Units for Dissimilar Forces 

The problem of the units for expressing a societal force requires 
study. The unit of societal force is defined as one index-popula- 
tion-unit per period per period, PIT -2 . It is a compound unit 
derived by multiplying the index units times the population units 
and dividing twice by the time units. It is specified by specifying 
the units of its three factors, just as the dyne, the unit of physical 
force, is defined as one gram of mass, times one centimeter of 
length, twice divided by one second of time. 

The time factor in the societal force has usually one year for its 
unit, but multiples of decades and centuries and submultiples of 
months, weeks, days, hours, minutes, etc., are also frequent. 
Occasionally more irregular units, as of one era, one dynasty, one 
generation, one weekend, one inning, etc., may occur and yield a 
unit of force which is correspondingly vaguely delimited. 
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The units of the index which measures that characteristic of 
the population or its environment which is changing, are of ma ny 
kinds. There are millions, perhaps, of such characteristics, as 
noted in Chapter III, when classifying indicators by content. 
The great diversity of indicators and compounds in indices pre- 
sents a problem here for it means that societal forces will be ex- 
pressed in many different units, making comparison difficult. 
This is a sharp contrast to physical forces where no such problem 
occurs. 

Towards solving this problem of comparable units for societal 
forces the following classes of comparable index units have been 
induced from our collection of situations (cf. Ch. III. Section 
IYB): 

Attribute units, 1°, “P-forees” 

All-or-none units, percentages 

Ordinal units, ranks 

Cardinal units, such as: 

Money Standard deviations 

Index numbers Components and epsilon elements 

Each of these will be discussed next. 

2. Attribute Units, 1°, “P-forces” 

When the index is at the primitive limit of being an attribute, 
IJ, a simple qualitative characteristic, its product with the popu- 
lation, P, in Eq. 7 merely characterizes that population qualita- 
tively. Thus, if ‘ ' immigration ” is the attribute 15 , then immigrants 
P, ( = Ijp by Eq. 4, Ch. IV) is its product with a population. 
The unit is “one person immigrating.” This attribute-popula- 
tion product includes all peopling processes, tP p , so that the 
celeration of any peopling process is the simplest type of socie- 
tal force. Since the attribute is usually implicit the formula 
for a force appears to reduce to celeration of a population. 6 * 
It is the change of the number of persons, or plurels, of some 
kind. Hence this type of force may be called a “peopling force,” 
or simply a “P-force.” It is of co mm on occurrence as in popula- 
tional studies, where changes of birth, death, marriage, divorce, 


* For Eq. 10, Ch. XI, Bee notes at end of chapter. 
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migration, and other dynamic population rates are instances of 
P-forces. (See S. 4, 5, 8, 42, 43, Ch. XI.) 

Wherever persons are the unit of population they provide com- 
parable units for the P-forces built on them; but where plurels 
are the population unit, the units of different P-forces will be 
comparable only insofar as the plurels are comparable. 

3. All-or-None Units, 1>0 I, Percentages, % I 

The next type of comparable unit is the all-or-none attribute, a 
quality observed as either present or absent. By the convention 
of using the easily understood percentage units, each case of the 
presence of the attribute is assigned the numerical value of 100, 
and each case of its absence is assigned the numerical value of 0. 
Every percentage ever calculated is a mean of such an all-or-none 
variable as explained in Chapter III. By using percentages many 
diverse sorts of characteristics can be expressed in comparable 
units, and the units of force based on them become comparable. 
(See for examples, S. 9, 10, 11, 21, 31, 32, 33, and 37, Ch. XI.) 

4. Ordinal Units, Ranks, T 

At the next stage of precision in observing phenomena, rank 
units may be used. These vary from crude comparisons of “more” 
or “less,” to formal ranking in assigning first, second, third places, 
etc., on to percentile units which are ranks transposed to a scale 
ranging from 0 to 100. Rating scales and all manner of daily sub- 
jective judgments and preferences, made by everyone, utilize 
such ordinal units. Much of this use is not conscious, and may 
not even be verbalized to the extent of such a thought crossing 
one’s mind as saying, “I want to do this now more than that,” 
and thereby assign “this” a rank of 1 and “that” a rank of 2. 
But such implicit judgments are easily converted into formal 
ranks and provide comparable, though not very accurate, units 
for very diverse sorts of phenomena. Societal forces expressed in 
ordinal indices seem rare, however, in the sociological literature, 
as no such situations have turned up in the collection of 1500 sit- 
uations. They are easily conceived, however, as in ranking com- 
petitors on each of three dates. Changes of rank between two 
consecutive dates give the velocities, and the change of the two 
velocities yields an acceleration which, multiplied by the popula- 
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tion, is a measure of this societal force of competition in rank 
units. Forces of competing in athletics can then be compared 
with forces of competing in scholarship 7 or in some other char- 
acteristic. 

5. Cardinal Units, J, Money, Index Numbers, Sigmas, 
Components, and Epsilons 

More accurate units than any of the preceding are cardinal 
units which are standardized, equal, and interchangeable. Five 
subclasses of this cardinal class may be noted as partial solutions 
to the problem of comparable F-units (as units of societal force 
may be conveniently labeled for short). 

The first subclass is that of monetary units in all its forms. To 
exchange and compare the great diversity of goods and services 
wanted by man, barter proved inadequate and a common unit of 
money has been developed. Thus, in the equation of business 
forces above (Eq. 9, Ch. XI), and in S. 38, Ch. XI, the common 
unit of dollars enables comparison of all the kinds of things which 
brought in income and all the kinds of things which required 
expenditure, and enables getting their difference. In vectorial 
terms every item of income, or expense, is a vector whose direction 
is determined by all the characteristics of that item, but only the 
projection of that vector on a common money vector is considered 
in this situation. The algebraic sum of these positive and negative 
projections is the profit vector. This vectorial interpretation of 
projections onto a common vector holds for all types of common 
units and is not limited to monetary units. (See S. 14, 16, 20, 38, 
Ch. XI.) 

Index numbers are ratios, simple or compounded in various 
ways, to compare amounts changing in a time series, as well as 
to compare different kinds of things. By dividing the amount 
of some characteristic in each period by its amount in some one 
period which is taken as the base and assigned a value of 100, 
the amounts of change and derived velocities, momenta, accelera- 
tions, and forces of this characteristic become comparable with 
those of other characteristics which have been similarly reduced 
to an index number. (See S. 13, 25, 26, 32, 44, Ch. XI.) 

A third type of car dinal unit which makes diverse data com- 
parable is the standard deviation (and other similar units of dis- 
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persion, such as the average deviation, probable error, coefficient 
of variation, etc.)* -Measurements of human characteristics from 
weight to intelligence, from income to musical talent, from ce- 
phalic index to religious attitudes, from basal metabolism to school 
achievement, and a host of others, can be compared when recast 
into “standard scores.” Correlation coefficients are expressed in 
standard deviation units. For celeration of change of- human 
characteristics standard deviation units are perhaps the most im- 
portant technic for increasing comparability. (See S. 34, 35, 
Ch. XI for examples.) 

A fourth technic for comparability is the recently developing 
field of component analysis as described in Chapter VI on Corre- 
lation. Indices may be analyzed into their principal axes, cen- 
troids, or other types of components. Forces based on such in- 
dices are correspondingly analyzed thereby into component 
forces of those types. (These technics may utilize sigma units, if 
the matrix of intercorrelation coefficients is taken as the starting 
point of the computation of components, but the matrix of second 
moments may also be the starting point and thus not involve 
sigma units.) 

A further extension of intercorrelational component analysis 
is the determination of the epsilon elements, described in our 
hypothesis of multiplex elements in Chapter V and further de- 
veloped as the €-elements hypothesis in Chapter VI. If with 
further research these common elements of correlated indices 
were to become more precisely determinable, they should provide 
comparison par excellence. It is conceivable that the utility of 
the atom as a unit in Chemistry may become rivaled by the 
utility of such epsilon elements for the analysis and resynthesis 
of indices of societal characteristics in common uni ts. 

6. Comparable P-units, “I-forces” 

Paragraphs 2-5 above classify the ways for comparing societal 
forces as regards the index factor in the formula for a force, 
T“ 2 (I)P. The units of the time factor have been noted. Consider 
next the units of the P factor. 

The population factor in the societal force usually has one 
person as its unit. It may also be one plurel, but in t his case the 
plurels must be comparable if forces are to be compared. Thus, 
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forces expressed in national plurels may be compared with, other 
forces built up out of national plurels, but not of family plurels, 
nor of “ talkie” audiences. 

A very frequent case is that of a single plurel. If the plurel is 
the unit and there is only one of them, the formul a of the force 
practically reduces to a celeration of the index. The term “ I- 
force” is suggested to name this class of forces. 

F l = T~ 2 (I)P? = T~ 2 (I), = an “I-force” (Eq. 11, Ch. XI) 7 

This is the counterpart to the P-force of Eq. 10, Ch. XI. In an 
I-force the P factor is unity leaving I as a variable, while in a 
P-force the I factor is unity (1° = 1) leaving P as a variable. An 
I-force states a celerated index in some one plurel ; if there is an 
aggregation of plurels, there is an aggregation of I-forces. (For 
I-forces in one plurel see S. 14, 17, 26, 31, 33, 3S, 44, Ch. XI; 
for aggregations of them, see S. 9, 15, 18, 19, 20, 21, 22, 32, 
37, Ch. XI.) For implicit I-forces which are written as celerations 
only (since the plurel is not even named in the situation as re- 
corded), but which actually refer to some plurel, see S. 9, 11, 12, 
13, 24, 25, 27, 39, 40, Ch. XI. Most celerated situations recorded 
in the literature of the various social sciences are either of the 
P-force or of the I-force type ; the full IP-force has seldom been 
computed. 

Another frequent case closely related to the single plurel of an 
I-force is the case of a force for a single person. If only one per- 
son’s celeration has been observed, as in S. 23, Ch. XI, the pro- 
duction curve of an employee when in training, the situation is a 
psychological one. But when a plurel has been observed, the 
plural number makes the situation a sociological one, even though 
subsequent division by the population reduces the force to a 
per capita force for one person. But this is the average person 
typifying the plurel. Such a force in per capita units may be 
called a "per capita force,” and symbolized by P F denoting the 
force for each person of an aggregation. 

p 

P F = T" 2 (Ip)P _1 = T -2 S(I)P -1 = T~ 2 ( M I) a per capita force 

(Eq. 12, Ch. XI) 

The second member of this equation asserts the celeration of 
an index for a plurel in per capita units; the third member asserts 
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explicitly that the index for the plurel is a sum of the indices of 
the persons in that plurel; the fourth member asserts that the 
celeration is of a mean index. These express the same kind of 
thing but differ in their explicitness. In one sense such a per 
capita force by holding the P factor constant at unity tends to 
make forces more readily compared, as then only the I factor has 
to be transposed to comparable units. But in another sense the 
per capita force is more a celeration than a force. The essence 
of a societal force is its being a product of an I and a P; if then 
it is divided by P so that the P cancels out, a celeration of an 
index (T~ 2 I) remains, which is not a full societal IP-force. Hence, 
this force should be distinguished by the adjective “per capita,” 
denoted by the person script, *|, in Eq. 12 above. Per capita 
forces are illustrated in S. 25, 28, 29, 30, and 35, Ch. XI. 

One further point on F-units will guard the student from con- 
fusion. It should be noted that the product IP which assumes a 
constant (i.e., a single valued) P, multiplied by a single valued I, 
is equivalent to the sum of the variable indices of the P persons. 
Every linear product is a sum in the special case where each factor 
has but one value for a given value of the other. Geometrically, 
the sum is the area of any frequency distribution, the product is 
the area of a rectangular frequency distribution, i.e., a distribu- 
tion where there is a constant frequency of the distributed units 
(P) at every class-interval of the distributing variable (I). This 
equivalence of sum and product is at once evident if the mean 
index (the fourth member of Eq. 12, Ch. XI) is multiplied by the 
population, giving the sum of the indices in the population (the 
third member of Eq. 12 with p-* canceled out). All this si gnifie s 
that an index for a plurel can be regarded as a sum of the per cap- 
ita shares of the phenomenon measured by the index, and hence 
as equivalent to the product of an index and a pop ula tion of 
persons. Thus, two hospitals for a town of 10,000 people can be 
considered either as the sum of the per capita shar es of 
hospitalisation (namely .0002 hospitals per person), written as 

2 (.0002) = 2, or as the product of the shares times the popu- 
lation (.0002 x 10,000 = 2). In this sense an I-force (Eq. 11, 
Ch. XI) can often be regarded as implicitly a full IP-force. The 
I-force has one plurel as its population unit; this can be resolved, 
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implicitly at least, into a full IP-force with persons as the popula- 
tion units. For concrete examples of this principle, study S. 15 , 
an aggregation of two snmlar I-forces of telephonic communi- 
cating, in each of two district plurels, where the total number of 
calls is equal to the product of the population of the district and 

p p 

their calls per capita (P M I = P^IP" 1 = SI), and S. 18, Ch. XI, 

11 

where the total number of patents, giving an I-force, in each 
nation is equivalent to the product of the population and the 
per capita patenting. 

In summary, the unit of societal force is a compound unit de- 
fined as one population unit changed one index unit per period 
per period. The two time periods need not be the same (as in 
S. 40, Ch. XI, where they are decades and years, or 8. 39, Ch. XI, 
where the time units are years and hours respectively). More 
concisely a unit of societal force is one party ( = a person or a 
plurel = “P-unit”) times one index unit (“(I)-unit”) per period 
per period. It is the celeration of one PI unit, F = T“ 2 IP. 
This unit may conveniently be named an “F-unit,” meaning a 
unit of societal force. Since it is a societal dyne, the coined term 
“sodyne” has been suggested. In earlier publications the author 
suggested the term “stim,” meaning one unit of stimulation 
(Ref. 12, p. 212, and Ref. 18, p. 60). As societal forces are not 
identical with the physiologists’ and psychologists’ concept of a 
stimulus, however, this may not be the best term. As it has not, 
to the author’s knowledge, been used by any other sociologist 8 
since the suggestion was published over five years ago, the more 
objective name, F-unit, is now recommended in keeping with the 
notation of S-theory as being more flexible for the addition, in 
the future, of units of any other operationally defined concepts 
symbolized by letters. Thus, the unit of momentum can be called 
one “Mm-unit” (Mm = T" r IP), and one acceleration unit can 
be called one “A-unit” (A = T~ 2 (I)). (Physics has no name for 
either its unit of momentum or of acceleration.) 


D. Systems of Forces 

In any quantitatively recorded societal situation, S, there may 
be more than one force acting. Whenever the data for calculating 
these forces are explicitly available the problem of combining 
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these forces arises. The technics of combining them have been 
fully developed in vectorial algebra. Forces may be added, sub- 
tracted, multiplied, and, if collinear, they may be divided into 
each other. To do this, each force is represented by a vector. 
The length of the vector is the number of F-units, and the direc- 
tion of the vector represents the qualitative nature of any force 
relative to other forces. To add forces, their vectors are added 
by placing them end to end and drawing a line from the beginning 
of the first vector to the tip of the last vector as explained with 
diagrams in Chapter III. To subtract forces, the negative vector 
of the force to be subtracted is added. Physicists call adding 
forces the “composition of forces” into a “resultant” force which 
is their sum, and the subtraction, or analysis, of forces, the “reso- 
lution” of a force into its “components.” These components can 
be identified with the components of intercorrelated indices, dis- 
cussed in Chapter VI, whenever the indices are in F-units. These 
technics of intercorrelational component analysis show how ob- 
served forces may be resolved into independent components. In 
general, the angle between any two force vectors is given by the 
cosine, which is calculated as the correlation coefficient between 
the two forces. If, as is usual, the two forces to be combined have 
the same time units and population units these are constants, and 
the correlation of the forces is the same as the correlation of their 
indices of change (I). This correlation coefficient is the scalar 
product of unit vectors and is, therefore, the technic for multi- 
plying two forces together, as diagramed in S. 13, Ch. VI. 

A force whose vector is collinear with another is either a 
“facilitating” force if similarly directed, or a “resisting” force 
if oppositely directed. Collinear forces are perfectly correlated 
together, either positively or negatively. A force whose vector is 
perpendicular to a second force-vector is “neutral.” Any other 
force whose vector makes some angle between 0° and 90° with a 
second force-vector is a “redirecting” force. If added to the 
first force its direction will be changed. Forces which operate on 
each other, i.e., which facilitate, resist, or redirect each other, 
will necessarily be correlated. If forces are uncorrelated, it is 
evident that they probably do not operate on each other. This is 
only probable and not certain, for there may be some influence 
on each other, some correlation, which is obscured or neutralized 
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by other forces. The manipulation of a force to achieve socially 
desired changes has the double aspect of reaccelerating and re- 
directing it, of changing it in quantity and in quality. Thus, in 
S. 38, Ch. XI, typifying the financial forces in any business, the 
income and expenditure forces are collinear but oppositely di- 
rected. Expenditure is a "resisting 77 force to the income force. 
Profits are the net force remaining after subtracting the resisting 
force from the income force in any pair of months of this time 
series. In S. 34, Ch. XI, where prices and church increases are 
negatively correlated to the extent r = -.67, the vector of an 
I-momentum (price changes in the U.S. plurel) and the vector of 
an I-force (church acceleration in the U.S. plurel) make an angle 
of 132° with each other. This should not be superficially inter- 
preted as that prices cause church increases (or vice versa). 
Each index reflects, and perhaps quite indirectly reflects, a com- 
bination of interworking economic and psychological forces whose 
net effect is merely indicated by the indices of price and church 
increases. The accurate statement is that a momentum is corre- 
lated with a force — the momentum, the correlation, and the force 
are accurately defined, whereas causal relationships must remain 
as further inferences from the facts until more complete data as 
to causality are presented. 

Before exploring the relation of "causes 77 to "forces, 77 however, 
the technic of determining the completeness of a system of forces 
should be noted. Suppose that any one force, F 0 , taken as a 
criterion for analysis, is analyzed into its component forces 
Fa • * • Fn. On adding the forces, is their resultant, F, zo „ the 
criterial force? Statistically this operation is calculating the mul- 
tiple correlation between the criterial force and the set of n forces. 

F Sn = F 0 (Eq. 13a, Ch. XI) 

if F Sa • F 0 = 1 (Eq. 13b, Ch. XI) 

If the correlation is perfect, these components are all the neces- 
sary and s uffi cient ones. By as much as the correlation is less 
than uni ty there are unknown, or unmeasured components of 
Fo, which are not included in the set F n . The extent of the un- 
known components is measurable as a percentage by the coeffi- 
cient of non-determination, k 2 , which is the square of the coeffi- 
cient of alienation (k) : 
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100k 2 o • a . . . n = 100(l-r 2 o . a . . . n) = % coefficient of non-deter- 
mination 

(Eq. 14, Ch. XI) 
(See S. 12, Ch. VI) 

This is the lack of correlation in percentage terms ; it is a measure 
of the degree of unmeasured residual correlation between the 
criterial force and the set of n other forces. This technic has been 
extended by Hotelling to cover the case of “double multiple” 
correlation between two sets of variables. (Ref. 30.) The double 
multiple coefficient of non-determination from this technic meas- 
ures the incompleteness with which either set of variables ex- 
presses the other set. When the variables are forces, this coeffi- 
cient states the degree of incompleteness with which the forces 
of either set can be considered to be component forces of the 
other set of forces. 

This coefficient of non-determination may often serve as a 
crucial test of the Gestalt theory, the theory of configurations, in 
the social and psychological sciences. The more do gma tic pro- 
ponents of the modern Gestalt theory, which originated among 
German psychologists of this century, assert that a “whole” 
living phenomenon is more than the sum of its parts. The pat- 
tern, the form, the gestalt, is something over and above the 
additive combination of the parts and is the essence of a living 
“whole.” The definition of a “whole” is not always clear, nor is 
the distinction between the permitted resolving of a whole into 
smaller wholes and the non-permitted resolving of a whole into 
its parts. The theory emphasizes the importance of the arrange- 
ment, of the configuration, of figure and background, or situa- 
tional setting, in studying phenomena. In somewhat oversimpli- 
fied terms, the crucial test of the theory is whether a specified 
whole phenomenon is or is not the sum of its parts, as 6 is the 
sum of 2 and 4 without remainder. This test can, wherever ap- 
propriate data is securable, be quantitatively carried out by 
calculating the coefficient of non-determination between the 
specified whole and its alleged parts, whether these are forces or 
other kinds of correlatable variables. If the coefficient k 2 is zero, 
that “whole” is exactly the sum of its parts without remainder, 
for then these parts will duplicate perfectly, or will predict with 
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100% certainty, that “whole.” In proportion to the size of k 2 
that specified whole has an unmeasured remainder over and above 
the sum of those alleged parts. Since in most measured societal 
phenomena, k 2 is greater than zero (i.e., correlation is seldom 
perfect), the Gestalt theory would seem to have much evidence 
in its support when applied to the current very inadequate data 
and analyses of situations. 

Whenever a k 2 0 (within standard error limits) is found, it 
is a challenge to further research to overcome that measured 
amount of our ignorance. It should never be taken as a meta- 
physical mystery that there will always be an unknown residuum, 
for that is an unscientific dogma. There are many cases where 
science has so adequately factored a phenomenon that their sum 
yields the whole phenomenon perfectly. The causation of certain 
diseases by specific germs and their elimination by inoculations 
and drugs, the generation of a whole baby by specific causative- 
prior acts and conditions, and many other phenomena have been 
so adequately factored into operationally defined component en- 
tities that their recombination will, whenever desired, yield the 
whole specified phenomenon. The key to the Gestalt issue is the 
adequate factoring of a whole into parts. An arch is a whole winch 
is inadequately factored into II stones, as the sum of 11 stones 
may not make an arch. But when factored into 11 stones w T hose 
shapes and relative locations are specified by a blueprint, the 
arch can be perfectly synthesized as the sum of these factors. The 
gestalt, the form, must be included among the factors if the fac- 
toring is to be adequate. Just so in societal phenomena the 
Gestalt theory should call attention to the current inadequate 
factoring of phenomena, rather than be considered as a meta- 
physical ultimate principle of reality. The scientist should meas- 
ure the inadequacy of his factoring of, for instance, a societal 
force into component forces by calculating k 2 — and then set to 
work to reduce k 2 towards zero by more adequate factoring, by 
researching for data which more completely describe, in opera- 
tional, and therefore duplicable terms, the force at issue. 

E . “ Causes ” vs . a Forces ” 

In dealing with societal forces much confusion will result unless 
“a force” is sharply distinguished from “a cause.” The concept 



758 THE TIME SECTOR, JT? [Pt. V 

of causation has many connotations and much indefiniteness, to 
eliminate which, the concept of forces is useful. A societal force 
is the measured acceleration of change of a population. A societal 
cause is an antecedent condition which, under stated conditions, 
has a certain probability of accelerating change of a population. 
A cause involves the three elements, as defined in Chapter VI 
of a time sequence, a probability (in either its simple form, or 
some compounded form such as correlation — see Chapter VI) 
and the specification of the conditions. The force is an effect; it 
is defined by the observed change which has been effected. Its 
cause must be antecedent to it in time, and must either be cor- 
related to it or have a probability between 0 and 1 of being fol- 
lowed by it, under specified conditions. In the social sciences it is 
often difficult to isolate and correlate antecedent conditions in 
the total on-going flux of societal phenomena, so that thinking 
in terms of causes is often apt to be in terms of inferences and 
subjective guesses, while thinking in terms of forces, the measured 
accelerations of people’s changing, is thinking more in terms of 
objective facts. There is a danger, however, that the sociologist 
may tend to use the concept of “ forces” as synonymous with 
“causes.” The force is the accelerating change, the cause is that 
which precedes it with a certain probability. 9 * 

In this connection the term “agent” is convenient for denoting 
the people and/or material things which are thought to be the 
cause, or part of the cause of a given effect. The doctor and the 
hospital which cure a patient are agents, whereas the cause may 
be an act, such as the operation of removing a gangrenous appen- 
dix, or conditions facilitating internal processes, such as rest in a 
tubercular sanitarium. The agent, like an engine generating a 
physical force, is the persons and material things whose func- 
tioning may be the cause of accelerating some societal change. 
Thus, the army and its equipment are agents, human and mate- 
rial, whose functioning in war is the direct cause of the conflict- 
ing forces which are measurable by the effects in casualty units, 
i.e., by the acceleration of the depopulating process. (See Eq. 10, 
Ch. X.) 

The term “factor” is sometimes substituted for a “force” or a 
“cause” in the current social science literature. In S-theory a 

* For Eq. 15, Ch. XI, see notes at end of chapter. 
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factor has a strictly mathematical meaning as any part which is 
multiplied by other parts to make a whole. A factor mav be a 

m* 

force, a population, an attribute, an area, or anv index, if it is 
multiplied by some other index. A “component” is allied to a 
“factor” in being an index representing any part of a specified 
whole where the best mathematical method of combining parts 
may be unknown, but where addition is taken for a first approx- 
imation as in adding the weighted variables of a multiple regres- 
sion equation. Since the components, whether forces or not . are 
measured by indices which are vector quantities, the addition is 
vectorial addition. The addition adds qualities and quantities 
by adding directions and lengths. Factors, then, are entities 
combined by multiplication, components are vectorial quantities 
combined for a first approximation by addition. Another prop- 
erty of components is that when multiplied to form the scalar 
product, which is the correlation coefficient, they are seen as 
correlates. Every correlate is a factor in a scalar product. A 
cause is a correlate and hence a factor as defined here. But not 
all factors are causes. Causes are a special subclass of factors. 

In discussing forces and their causes, the relations of these con- 
cepts to the concepts of societal “tension” and “desire,’’ de- 
fined by our value theory, Eq. 35, Ch. X, should be exposed. 
Tensing and desiring are processes which, if accelerated in some 
pop ula tion, become forces. They may be causes of societal phe- 
nomena, if they precede those phenomena with a certain proba- 
bility under specified conditions. The usual sequence is for the 
desire to celerate first and, depending on the celeration of the 
desideratum, for the tensing to celerate correspondingly. This 
t ensin g force stimulates people to activity tending to accelerate 
progress, the increasing of the desideratum. Thus, in competitive 
phenomena the index of competing was defined as effective com- 
peting, the final redistribution of the desideratum. Causative 
competing would seem to be correlated to the antecedent desiring 
and tensing which motivated actions resulting in the redistribu- 
tion of the desideratum, V. 

F. The Standard Error of a Societal Force 

In calculating a societal force its standard error must be com- 
puted. Forces cannot be legitimately compared until it is deter- 
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mined whether an observed difference in their number of F-units 
is statistically significant, or whether it may be due to random 
errors of sampling. The standard error formulae for societal force 
as well as for its constituent concepts of velocity, acceleration, 
and moment um have been derived for both the simple case of a 
constant population and for the complicated case of a population 
which varies from survey date to survey date. For derivation of 
these formulae, discussion, and numerical illustration of special 
cases see Refs. 16 and 18, and Appendix III. 10 

III. SOCIETAL CONTROL, T~ S IP S 

A sociological concept closely allied to that of societal forces 
is “societal control.” This concept is much used in the socio- 
logical literature; it is proposed here to give it a more exact and 
operational definition. In S-theory, control is defined as the 
combination of the interacting of people with a societal force. 
More exactly, “societal control” is the acceleration of change of 
one plurel by another plurel. It is specified by the formula: 

Sen = P P P : : P P P : tT" 1 : IT -1 (Eq. 33a, Ch. XI) 

3 = 8;1;0;2 (Eq. 33b, Ch. XI) 

This is not an index (I) as is a force, F; it is an aggregative 
situation (S), since the P 2 symbolizes an interrelational matrix of 
numbers and not a single number. It means that parties 
( = persons or plurels) are cross-classified with some accelerating 
index of a changing characteristic in each cell expressing the 
interacting of each pah’ of parties. 

An explicitly recorded situation f ulfillin g this definition of 
societal control is S. 37, Ch. XI, which records the celeration .of 
annual trade (T~ 2 I) between one national plurel and each of five 
other plurels (P, : : P q ) . The accelerations and decelerations of 
trade between any two years, multiplied by one plurel, is an 
I-force (see Eq. 11, Ch. XI). Trade is a dynamic characteristic 
of a stimulus-response type between parties, and therefore, falls 
within the definition of “interacting” in Chapter VII. This sub- 
type of societal control is the speeding up or slowing down of an 
economic interacting between parties. 

This definition of societal control is objectively observable 
wherever a response of parties which is directly related to the 
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stimulation of other specified parties is observable. The opera- 
tion of observing and recording the characteristic, the response, 
in some index, in dividing it by the time period to give the veloc- 
ity, in dividing it a second time by the intervelocity periods to 
get the acceleration, in multiplying it by a population to get the 
force, and in cross-classifying it in a matrix with other parties to 
establish the interaction — all these operations together constitute 
the operational definition of “societal control.” The merit of 
such a definition is that different observers can apply the form ula 
and reach agreement as to whether a given situation, or set of 
statistics, involves societal control or not. The current definitions 
of societal control in terms of descriptive synonyms, etc. are less 
objective and agreement-compelling. This last sentence is an 
hypothesis. It can be put to the test of a crucial experiment ; it 
need not be a matter of opinion and argument; it can be proved, 
or disproved, to be a fact. The crucial experiment would be to 
select several hundred recorded situations which a majority of a 
panel of sociologists rate as: (a) involving societal control in 
x situations, (b) involving societal force in y situations, (c) involv- 
ing both in z situations, and (d) involving neither in w situations. 
With this body of data to test the hypothesis, let a different 
panel of sociologists, equally well trained in S-theory and in any 
other school or textbook’s theory of “control,” classify each sit- 
uation as to whether “force,” “control,” both, or neither, are 
involved, first on the basis of one theory, then on the basis of the 
other. Whichever theory yields the highest percentage (or other 
index) of agreement between the members of the second panel is 
thereby proved to be the most objective. 

.This tests the reliability of determination of alternative con- 
cepts; it does not test their utility or immediate significance for 
science. The working hypothesis, however, is that in the long 
run science will build more firmly and become more powerful in 
dealing with phenomena in proportion to its being based on reli- 
able concepts, even, if necessary, at a sacrifice of immediate appar- 
ent significance. Unreliable concepts rise and wane with emotional 
fashions ; reliably determinable concepts become the more endur- 
ing foundation stones of a science. As long as “a force” in Physics 
remained the anthropomorphic concept of a wish or a will of 
some person or spirit, it had little scientific utility. When it was 
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operationally defined as a measured acceleration of some mass, 
physical science laid a permanent foundation stone on which 
further building could be based. As long as “ societal control” 
has a mystic or at least intangible element in Sociology it remains 
of limited utility; when it is operationally defined as a measured 
celerating of interacting of parties, Sociology may build on it. 

This de fini tion of societal control neither necessarily implies, 
nor yet excludes, the notion of desirability of the control. The 
value judgment, the social approval or disapproval, the desire or 
aversion of people of specified plurels for the celerated interacting 
is a separate issue. This desirability of the interacting can be 
factually observed by speech or other behavioral indicators of 
people’s desires, and the question of whether the control repre- 
sents progress or regress to a specified plurel at a specified time 
can be determined. But the concept of control is evaluatively 
neutral. 

Control is any celerating interaction, whether good or bad, 
consciously wanted or not. If a crime wave grows, criminals are 
increasingly controlling society; if police reduce it, they are con- 
trolling the cr imin als. If villagers who eagerly desire health but 
are ignorant of any germ theory teach their children to drink 
filthy ditch water as healthier than well water, and a water-borne 
epidemic breaks out among those children, those villagers are 
controlling their youth towards disease, although they neither 
know it nor want it. Consciousness of effects and ethical evalua- 
tion of effects are humanly important, but science in the long run 
will build more surely and give man greater mastery of these 
effects if it uses concepts which, while they may bear on ethical 
issues, are objectively definable with less of subjective indeter- 
minateness . 11 



Ch. XI] 


FORCES, T“* 


763 


S. 1 



а. Contains allowance for estimated number of births and deaths not registered. 

б. The excess of aliens and citizens arriving in, over those departing from, the l mted States. 

Annual births, deaths and net immigration for the total population, 

1910 - 1930 . 


Ref.: President’s Research Committee, Recent Social Trends, McGraw-Hill Book Company, 
Vol. I, 1933, p. 38. 


Descriptive formula: Si = tT 1 : (PT^ 1 ) P 
Legend : 

Si = The situation 

records for each of 

tT" 1 = 21 years 

'| = beginning in 1910 

for each of 


Quantic number = 8 ;0 ,*0 ;1 
| births 

| p = 3 plurels i deaths 

L migrants 

P = the number of persons 

T -1 = per year 


Comment: 

The graph gives specific data for the United States for the general equation 
analyzing population change into its four components (Eq. 11, Ch. X). The 
curves also show the fluctuations in the vital forces measured in units of persons, 
per year per year, born, dying, or migrating. Writing these three implicit at- 
tributes explicitly gives the formula for these three peopling forces (P-force, 

T- s I°P)i. 
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Ref.: Ross, Edward Alsworth, Principles of Sociology, The Century Company, 1930, p. 25. 


Descriptive formula: S 2 = tT -1 : (^PT -1 ) 

Legend: 

So = The situation 

records for each of 

tT” 1 = 55 years 

'| = beginning in 1870 


Quantic number — 8 ;0 ;0 ;1 

T _1 = the annual 
%P — birth rate 

for each of 

| p = 14 European nations 


Comment : 

The downward slopes of the curves measure the decelerating of one form of 
the adpopulating process. The societal force is here a P-force whose unit is .001 
person bom per year per year. The percentage sign indicates relative units 
which are here tenths of one percent. 
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S. 3 


1KU-JO 


1831*40 


1841-50 


k 

m 




Mkkk 

MkkkMk 



Each of these arrivals at E2& 
Island represents 500,000 ww»* 
grants entering the United S tates 


1901.10 


1911*20 




1921*31 



Ref.: Neuxath, Otto, “World Planning in U. S. A. 

Descriptive formula : S3 = (T -1 : (PT -1 ) 
Legend: 

S3 = The situation 

records for each of 
tT -1 = 11 decades 

Comment : 


Survey, VoL LXVII, No. 11, Maxell 1, 1932, p. 622. 

Quantic number = 8 ;0 fi ;1 

'| = beginning in 1820 
P = the number of immigrants 
T~ l = per decade 


This is a u P-force,” T“ 2 I°P, where the all-or-none qualitative characteristic 
1 °, is whether a person was an immigrant or not. Strictly the attribute, implicit 
in P as usual, is an all-or-none one. It has the values 0 and 1 for non-immigrants 
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and immi grants respectively. Thus non-immigrants vanish leaving only the 
number of immigrants, IJPq 1 = where I? = the immigrating attribute, 
P' 0 1 = pure or unqualified persons, and P, = immigrants. 

S. 4 


O 

0 

£ 

1 

<0 

a 

iO 


o 

0 

<£ 

1 

tO 

o 

© 



MINISTRY 


MINISTRY 


LAW MEDICINE EDUCATION BUSINESS PUBLIC SERVICE 




LAW 


MEDICINE EOUCATION BUSINESS PUBLIC SERVICE 


Proportion of College Graduates in Different Professions in 

1696-1700 and in 1896-1900. 


Ref.: Brinton, Willard C. Graphic Methods for Presenting Facts, Engineering 


Magazine Co., 1923, p. 38. 

Descriptive formula : S 4 = ^T -1 : (PT _1 ) p 

Legend: 

S 4 = The situation 

records 

,T“ 1 = the change in 2 centuries 

in 

P = the number (which is not 
stated) of college graduates 


Quantic number = 8 ;0 ;0 ;1 
in 

T" 1 = a 4-year period 

who enter each 
of 

Ip = 6 professions 
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S. 5 


40 



1847 1867 1887 1907 


Dates of enactment of compulsory school laws by north- 
ern and western states; four year intervals, 1847-1911. 
Fitted with the cumulative curve of a normal frequency 
distribution of which the <7 is 11.76 and Fo is 4.2. 



Dates of enactment of compulsory school laws by 
southern states; four year intervals, 1891-1927. Fitted 
with the cumulative curve of a normal frequency distribu- 
tion of wilich the cr is 6.72 and Fc is 4.05. 


Ref.: Pemberton, H. Earl, "The Curve of Culture Diffusion,” 1 Amer- 
ican Sociological Review, Yol. I, No. 4, Aug. 1936, p. 553. 


Descriptive formula: Ss = (iT~ 1 : (spPT -1 )) 

Legend: 

Ss = The situation 

records for each of 
« 

P p = 2 plurels in the U.S.A. 
during 


, Quantic number = 8 ;0 ,*0 ;1 

•T" 1 = 20 4-year periods 
'| = from 1847 onwards 
2 P | = a frequency of State adopt- 
ing compulsory school laws 
T -1 = per quadrennium 


Comment: 

This situation illustrate a P-force ? i.e., a societal force where the indicator 
is an attribute so that the characteristic is all-or-none. The population unit 
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here is a plurel, one State. The unit of force is one State adopting these laws 
per year per year. Expressed in normal probability terms, the general calculative 
formula for both situations is: 


S (t : 


Sp| 

W 2tt 


e _ T 2/2<r2) 


where t : s P | is the frequency of adopting States in each quadrennium, Sp | is all 
the States in that situation, S, <r is the standard deviation of the distribution, 
and T is the deviation from the mean date (e = 2.7 the log base). This reduces 
to the following two equations for normal probability distributions (from which 
the ogives above were cumulated) : 

for the Northern States: and for the Southern States : 


2p| = 4.2/2.7 


T 2 /277 


t : 2p | = 4.05/2.7 t2/30 ' 31 


This situation illustrates the possibility of discovering regularities in cultural 
phenomena, such as to be describable by rational equations. These equations 
are not purely empirical ones, such as in a lucky finding that a normal curve 
fits the data well. The normal curve w r as selected for fitting because it is created 
by the same sort of elements which were assumed (by the hypothesis to be tested) 
to have created these law enactments — namely, a large number of relatively 
small and independent causes, or elements of influence. 
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GENERATIONS 

- ^ - _ 

FOUR 



% 


The Effect of Late Marriages 


Given a population divided in two equal parts, one of which produces a 
new generation every 25 years and the other every 337s years, the diagram 
shows that the former group will outnumber the latter two to one, at the 
end of a century. The result illustrated is actually taking place, in various 
groups of the population of the United States. Largely for economic reasons, 
many superior people are postponing the time of marriage. The diagram 
shows graphically how they are losing ground, in comparison with other 
sections of the population which marry only a few years earlier, on the aver- 
age. It is assumed in the diagram that the two groups contain equal numbers 
of the two sexes; that all persons in each group marry; and that each couple 
produces four children. 


Ref.: Popenoe and Johnson, Applied Eugenics, Macmillan, 1933, p. 108. 


Descriptive formula: S 6 = (t' ; uT” 1 : PT" 1 ) 
Legend : 

S6 = The situation 

records in 

i'T” 1 = one century 
: u ] = subdivided into generations 


Quantic number = 8 ;0 ;0 ;1 

P = the increase of population 
T -1 = per generation 

for each of 

|p = 2 reproduction plurels 


Comment: 

The societal force is here a P-force as usual in situations describing the ac- 
celerating growth of a population. The units are one person (P) generated (I®) 
per generation (T -1 ) per generation (T -1 ). F = T~ 2 PP. The attribute which 
qualitatively characterizes the population is implicit as usual in the attribute- 
population product IJPo = P,. 
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Decrease in Diphtheria. Cases Following Intensive 

Immunization Campaign 


Cases of diphtheria reported in New York City each week com- 
pared with the number expected based on the eight years previous 
to the immunization campaign. Total children given complete im- 
munization treatment during campaign indicated by step curve. 


Ref.: Boldman, Charles F., “Downing of Diphtheria,” Survey , Vol. LXVII, No. 8, Jan, 
15, 1932, p. 420. 


Descriptive formula: S 7 = ( t ; U 'T 1 : PT" 1 ^ Quantic number = 8 ; 0 ; 0;1 

Legend: 


S 7 = The situation 

records for each of 

tT -1 = 3 years 
'| = since 1929 
: u | = subdivided into months 
P = the diphtheria cases 


T -1 = per year 

in each of 


p = 3 plurels 


actual, 

expected, 

immunized 

cumulative 


Comment: 

The situation provides the data for the analysis of a societal force into its 
component forces. The fluctuations of the curve of “ actual cases” shows the 
effective P-force which is the vectorial resultant of all facilitating and resisting 
forces. The “ expected” curve shows the forces facilitating diphtheria (of which 
seasonal influences are a major subcomponent), and the “ immunized” curve 
shows the force resisting diphtheria and reducing the “ expected” to the “ac- 
tual” curve. 

This is an implicit illustration of our definition of societal control which is 
the accelerating of change in one plurel by another plurel. If the Department 
of Health and co-operating medical profession were explicitly recorded in the 
situation, they would be the controlling plurel to be cross-classified with the 




Ch. XI] 


FORCES, T" 2 


7T1 


S. 7 (Continued) 

children who are the controlled plurel in the typical descriptive formula for 
explicit societal control, T -1 : P, :: P„ : FT” 1 , ' 8 = S:1 ;0 ;2h In the situation 
as recorded here j* = 0 and \ ff — 0 (i.e., not mentioned, a “mil" class h so that 
this typical equation reduces to T _1 : P,T _1 , which is the formula given above 
(without the additional qualifying descripts, 

s. s 



Ref.: Research Bulletin of the National Education Association, Vol. XII, No, 5, 1934, p. 254. 


Descriptive formula: Sg = a : JT -1 : (%pPT _1 ) P Quantic number — S :0 d);l 


Legend: 

Sg = The situation 

records for each of 
t T -1 = 3 years 

* : *| = with corresponding (inter- 
mittent) dates 

c^pP = the number of families in per- 
centage units 


T -1 = annually provided 

with 

|p = 2 types of new housing 

families in houses 
families in apartments 


Comment: 

The uni t of societal force here is in attribute-family ~y ear terms, i.e., one 
f amily ( p -P) housed (1°) per yeajr per year. In percentage units the force denoted 
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by “houses” (I?) and the force denoted by “apartments” (I?,) are negatively 
correlated ((I?, I?,)P = P,,„ = P p ). House building is decelerating, apartment 
building is accelerating. Their sum is held constant by the use of percentage 
units. One P-force (in relative units) is displacing another. 

F, • F„ = —1.0, where F, = T~ 2 %P/ and F„ = T” 2 %P„. 

S. 9 
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1820 1030 1840 1850 i860 1870 i860 1890 1900 

Percentage of United States Foreign Trade Carried in American Vessels and 

in Foreign Vessels by Decades, 1820 to 1900. 


Ref.: Brinton, Willard C., Graphic Methods for Presenting Facts, Engineering Magazine Co., 
1923, p. 139. 


Descriptive formula: S 9 = £T _1 i^^IT -1 ), Quantic number = 8;1;0;0 

Legend: 

S 9 = The situation 

records for each of 
t| = 8 periods 

of 

T -1 = a decade each 
'| = since 1820 

I = the tonnage of foreign ship- 
ping 

Comment: 

This situation illustrates an I-force which averages 1% of trade per year per 
year for the United States. 


T -1 = per year 

= in percentages of the total 

for 

|, = 2 indicants — domestic and 
foreign vessels 
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Ref.' President’s Research. Committee, Recent Sociol Trends, cGniw~Hi.il, \oL I, 1933 , 
p. 391. 


Descriptive formula : Sio = (T -1 ■ 7 c(IT~ 2 )i Quaniic number — 8 ;1 jO 

Legend: 

Sio — The situation 

records for each of 
t T _1 = the 6 five-year periods 
'1 = since 1901 

Comment: 

Two I-forces in units of percents per year per year for one plurel are illustrated 
in this graph. In general, by these indices, religious interest was a negative force, 
while scientific interest was a positive force, i.e., the former interest decelerated, 
the latter accelerated. 


IT -1 = an annual circulation 

of 

[i = 2 types of periodicals 
= expressed in percents 
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TREND OF RATIO BETWEEN PRODUCTION EFFORT 
AND COMMERCIAL EFFORT FROM 1850-1920 



Production 

Effort 

u Commercial 
Effort” Selling 
and Distribution 

1850 

80.2% 

19.8% 

1860 

75.1% 

24.9% 

1870 

72.0% 

28.0% 

1880 

67.2% 

32.8% 

1890 

63.3% 

36.7% 

1900 

59.9% 

40.1% 

1910 

53.5% 

46.5% 

1920 

49.6% 

50.4% 


Re/.: Chase, Stuart, The Tragedy of TTasfe, Mac millan , 1925, p. 213. 

escriptive formula: S„ = (T -1 : - (IT -1 )! Quantic number = 8 :1 -0 -0 

t i 7 7 7 


Descriptive formula: Sn = (T -1 : %(IT“ l )i 

Legend: 

Sn = The situation 

records for each of 

tT -1 = 8 decades 

'\ — beginning in 1850 
T -1 — an annual 
I = index of “effort” 


production 
2 kinds j and 

distribution 
expressed in % units 
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Factors Entering into the Total Costs and Estimated Value of 

the Product of a Manufacturing Plant 

The various elements entering into total shop cost are plotted, each built 
up on the areas below. The ‘ ‘ Estimated Valuation ” is based upon market 
prices for the finished goods. Vertical distances between the “Total Cost 
curve and the “Estimated Valuation” curve show the estimated profit. 
Note the use of dimension lines in combination with the scales. Adapted from 
Factory. 

Ref.: Brinton, Willard C., Graphic Methods for Presenting Facts , Engineering Magazine Co., 
1923, p. 147. 



Descriptive formula: S12 = tT -1 ^(IT -1 )! 

Legend: 

S 12 — The situation 

records for each of 

tT -1 = 12 months 

S I = the cost in dollar units 


Quantic number = 8 ;1 ;0 ;0 

T~ l = per month 

of each of 

|i = seven factors of manufactur- 
ing 
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Descriptive formula : Si 3 = (T -1 .-“-(IT -1 )! 

Legend: 

S13 = The situation 

records for each of 

tT -1 = 7 years 

'| = beginning in 1923 
|i = 5 kinds 


Quantic number = 8 ;1 ;0 ;0 
of 

T -1 = dynamic (annual) 

I = economic indices, 
and some of 
m> \ = their means 


Comment : 

The average acceleration is given explicitly as 16% for stock income, 12% 
for profits, and .5% for wages. The units of I-force are here percentage uni ts 
per (implied) plurel per year per year. 
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Ref.: President’s Research Co mmi ttee, Recent Social Trerids, McGraw-Hill, \ ol. II, 1933, p. 1(M9. 


Descriptive formula: Su = P 2p : (T -1 : 

Legend: 

* S14 = The situation 

records for 

P Sp = 15 Protestant denominations 

for each of 

t T -1 = 6 quinquennia 


(IT -1 ) Quantic number = 8 ;1 ;G ;1 

7 | = beginning in 1901 
I = the gifts to missions 
si = In dollars 
T -1 = per year 


Comment : 

The straight-line trend of the first third of the century in increasing the an- 
nual income for foreign missions from 5 to almost 30 millions means an a\ erage 
acceleration of 5/6 of a million dollars per year per year. The straight-lme trend 
(in common with all averages) obscures deviations from itself and does not tell 
of the acceleration of the war psychology and prosperity m 1918 and 1919, 
graphed as a steeper slope of the curve, and of the subsequent deceleration. 

The curve shows the fluctuations of a societal force in units of dollars per 
plurel per year per year, I/P,T-’. With only one plurel (the 15 denominations 
together) dollars per plurel, I/(P°), (or I/Pe,), is equivalent to plureMollars 
(P«XI) because multiplying and dividing by unity are numerically equivalent. 
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No. of 
Cans 



Solid line, the “Broad” exchange — a typical business exchange 
Dotted line, the “Riverside” exchange — a typical residence 
exchange 

Note the great number of business calls after mail has been 
opened in the morning and after return from lunch. In the 
residence district there is much morning shopping by telephone 

Number of Telephone Messages Each Hour for One Day 
in a Business District in New York City as Compared with a 
Residence District. 


Ref.: Brinton, "Willard C., Graphic Methods for Presenting Facts, Engi- 
neering Magazine Co., 1923, p. 108. 


Descriptive formula: Sis = Pp : tT -1 : (IT -1 ) Quantic number = 8 ;1 ;0 ;1 

Legend: 

Sis = The situation for each of 

records for each of tT -1 = the 24 hours of the day 

Pp = 2 New York City telephone I = a frequency of telephone calls 

districts T -1 = per hour 

Comment: 

This acceleration is an aggregation of two I-forces, as the two types of tele- 
phone calls from two telephone exchange districts imply two clientele plurels. 
The F-urutj i.e., unit of societal force, is here a telephone call per plurel per 
hour per hour. This unit is derivable from the descriptive formula above by the 
following series of equivalences: 

Ep- (I) - (PV : (I) = (PV(I) = (D/(P°)p' = (Dp' 

These symbols are verbalized as, “one plurel with a corresponding index is 
equivalent to a umt-plurel (P° = 1) with a corresponding index, which is equiv- 
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alent to a unit-plureFs index, which is equivalent to an index per uni t-plurel 
(when there is but one plurel), which is equivalent, in Brief-S notation, to an 
index of one plurel.” When the index preceding the colon is both singular in 
number and qualitative, aggregating it, multiplying by it, and dividing by it 
have a similar result in denoting the subsequent entity as modified or qualified 
by that preceding quality. 



Ref.: Brinton, Willard C., Graphic Methods for Presenting Facts, Engineering Magazine Co., 
1923, p. 136. 


Descriptive formula: Si6 = P, 

: (T- 1 : (I,T-\ I„ 

Legend: 

Si 6 = The situation 

'1 

records for 

I, 

P, = Chicago 

T - 1 

for each of 

tT -1 = 14 years 

1/, 


Quantic number = 8 ;1 ;0 ;1 

= beginning in 1897 
= an index of rates 
= per year 

and 

= an index of telephones in use 


Comment: 

This situation illustrates the tension theory : 

t (PD = VEW or t[P,(I,„T- 1 ) = I„(I,T- l )l 

where P, = the population of Chicago as the unit plurel to whom telephones 
were a desiderat um * where V = I„ = the number of telephones, the quantity 

* Since the population data are not stated in the situation as recorded, the equations 
are worked out for a plurel, the city of Chicago, as the unit of population, instead of one 
person as the unit. The plurel unit yields the tension and force for the plurel; while the 
person unit yields these m per capita terms. 
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S. 16 ( Continued ) 

of the desideratum, where E = I/T* 1 = the tensing, measured here as an ap- 
proximation, by the rate paid t in dollars per year and where D = I„,T -1 = the 
unknown average intensity of desiring of the population for the use of telephones 
for a year. 

In this situation, D can be solved for and found as : 

D = I„I,/T = dollars per year for telephones in Chicago, a measure of the 

intensity of desire by this plurel for the desideratum, “ tele- 
phones,” for a year 


For this 14-year period, D 

w T as:J 





D 


D 


D 

1897 

$1,375,000 

1901 

$3,256,000 

1906 

$6,102,000 

1898 

2,160,000 

1902 

3,500,000 

1907 

6,580,000 

1899 

2,340,000 

1903 

4,550,000 

1908 

6,800,000 

1900 

2,500,000 

1904 

4,800,000 

1909 

7,488,000 


1905 

5,415,000 

1910 

8,658,000 

The three 

curves measure 

the average velocities 

of the three processes as 


read from the graph : 

t D = valuating (of telephony) = $4, 680, 000 for all phones per year 

t V = progressing (co-operating) in respect to telephony = 16,000 new tele- 
phones per year 

tE = detensing in respect to telephony = $6.40 per phone per year 

In terms of societal forces the rate of change between any two years of the 
“rate paid” measures the net societal force in respect to telephony in Chicago 
in that period. 

F = T~ 2 IP in general and 

_ T~ 1 (I / T~ 1 )(P°), in this situation, w T hich is an I-force 

Thus the force is the acceleration of tensing in this plurel. The unit here, 
of force, is dollars — dollars per phone per year per year per plurel, i.e., the rate 
of change in the “rate paid” for a telephone in Chicago. The average force 
throughout the thirteen years was — $6.38=*=, i.e., an average annual decrease 
of $6.38 in the annual rate per phone in Chicago. This is the net force, resulting 
after all the unknown facilitating and resisting subforces have been vectorially 
summed. As usual it is directly comparable only with such other forces as are 
stated in the same units, or interconvertible units such as dollars into cents, or 
years into months. 

t This assumes a stable price level. Inflation or deflation of the currency and similar 
factors make the use of price to measure economic value (which is the ratio of demand to 
supply) inaccurate until appropriate corrections are made. Economic value is tension, 
E, in this volume which is correlated with the rate paid, i.e., price, but the correlation 
may be imperfect depending on the stability of the price level. 

t These figures for D are subject to correction by a competent economist’s correcting E, 
so that the “rate paid” will measure most consistently throughout this period the eco- 
nomic value. 





I ? o 

uJ 

ZH 

zzz. 


o 

< 

Q. 

< Q 

O UJ 

£l“ 
03 
0)0 
O) UJ 
UJ x 
O UJ 

Xto 
UJ < 


X £ X H 

k -2 P cs 

H* ■— — 

U* M M 


^ J-’ri -2 .£ 

^ t c ri 

5 a a a t* 


■g -= e, «S 

5 5 c © 

h i 4- OC 

5 lac »-! 

te s ^ 

• ++ S3 ** 


5 “ 5 c s 
“ *" S ?1 - 


5h 

CMS 


S r 2^ “»< 

tp5ul 25 

*+ 2SJl“5ecZ 

itfo 010 ^ 

L* ^ Up La 

e> ofeo§ g Bz 

9» JZZ-y cO 

5 <OOjrhacfI 

— »->Off a: cc 

OhDh^ft 1 ^ 

OB <5I£C&z2V-UJ 

O ocgl-zo °C0 > 
® a.S5oo“Zu. 
*" fflOZorcQo 

vUJOulft®^T 


Z002§g*g 

3blUlv cC ul— ^ 

osSoi-z J o 

O 33cC uJUJ 
UJ-J JQ-2l»N 
IOOq.O>< o 

f>><o>a>2 [ | | | [ | < 


sets 

•SIMS 


? r ■ ~ c 

*p* C* ® 

3 c ^ ^ 

\S id 61 

^ oS '£ ■ 
c. is • 
£ a ts 
*3 «S d *- 
^ - e f 
® £ c 2 

> c c , 

■ !c »p« r* 

bc.c; 22 

t c 3 ' 
i g * ■ 

c, _ .s 
© s * 5 } ! 

JS -c 4 

+* fl & 
Up S £ 

o c5 
d* & 

O b£ r; 

•5 SO 

O '>s « 

£ 

_ Q 

^ +-s w 

1 j 

g M 
E* c a 
d «** a* 

, 2 £ © 
t£s S-* 
B a 

ri d 
d « H 
DQ ^ 

5? § 3 

© c3 ^ 

^ ® sS 

o © 
J5J= d 

h ©’I 

rt P 

*3 ^ 


X ct 

t£ 

T3 S 

5 a 

cc . 


3 t 


>w 

Cs 

t> 5 

d £ 


t 3 


LJ • 

d ; o 

1 . 1 *rt 

« i 
3 J 

ac fe 

O c 

. 5 

TS ; a 


781 









9Q9 


[Pt. V 


THE TIME SECTOR, jTjl 


S. 17 ( Continued ) 


Descriptive formula: Sn = P, : t : uT -1 

Legend: 

Sn = The situation 
records 

P, = for the United States 
for each of 

t T -1 = 15 years 
; u | = subdivided into months 


: (IT -1 ) i Quantic number = 8 ;1 ;0 ;1 

'| = beginning in 1896 
I = the steel construction in tons 
T -1 = per month 

of each of 

| i = 4 kinds 


Comment : 

The units (“F-units”) of this societal I-force are here millions of tons per 
plurel per month per month, F = T“ 2 IP where : 

T = months 
I = tons X 10 6 

P, = the United States plurel 

This force can be directly compared only with other forces which are stated in 
month-ton-plurel units, or multiples of them. For greater comparability the 
tons could be converted to a suitable index number and be compared with 
index numbers of diverse commodities and societal conditions. 
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Patents granted in the United States and Great Britain, 1852-1930. 


Ref.: President’s Research Committee, Recent Social Trends, McGraw-Hill, one volume edi- 
tion, 1933, p. 306. 


Descriptive formula: Sis — tT -1 : P p : (IT -1 ) Quantic number — 8 ;1 ,*0 ;1 

Legend : 

Sis = The situation for each of 

records for each of Pp = 2 national plurels 

t T -1 = 8 decades I = an index of patents 

'| = beginning in 1851 T_1 = granted per year 

Comment: 

The societal force is expressed in units of one patent per plurel per year per 
year. Thus in Great Britain in 1881-82 it was +6000 F-units, i.e. T a jump of 
6000 patents, while in the United States it was several thousand negative 
F-units, as patenting fell off that year. 

If each patent is considered as a qualitative entity rather than as an equal 
and interchangeable (i.e., cardinal) unit measuring the patenting process, the 
formula instead of (IT -1 ) would be written (UiT -1 ), or t|si in Brief-S notation. 
This is the formula for the velocity of the process of dissimilarizing, Eq. 25, 
Gh. X, which is here the differentiating of culture through invention. The graph 
shows the force of invention (in each of these two countries, in the period speci- 
fied, as measured by number of patents). 
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The attack on tropical diseases, II. The graph shows the reduction in the 
number of physicians 7 calls for malaria in two towns in Texas, after the begin- 
ning of control operations in April, 1920. The contrast between 1919, a typical 
pre-control year, and 1921 is striking. From Eighth Annual Report , Interna- 
tional Health Board, 1922, by permission. 


Ref.: Hankins, Frank Hamilton, An Introduction to the Study of Society , Macmillan, Revised 
edition, 1935, p. 293. 


Descriptive formula : Sis = Ps p : t uT _1 

Legend: 

Sis = The situation 

records for 

Ps P = 2 towns in Texas (population 
not stated) 

for each of 


: (IT" 1 ) Quantic number = 8 ;1 ,*0 ;1 

±T~ l = 3 years 
: u | = subdivided by months 
'| = beginning in 1919 
T -1 = the monthly 

I = number of doctors’ calls as an 
indicator of malaria 


Comment: 

Since the population is not stated the population unit is one plurel, identified 
as u 2 Texas towns.” The unit of societal force is thus one call per month per 
month per plurel. The difference in altitude between any two adjacent columns 
in the graph measures the force in that month. 

The compounding of forces is readily inferred. In 1919 the accelerating of 
malarial cases, a positive force, rose with seasonal temperature to a maximum 
in September and then decelerated, i.e., became a negative force, till January. 
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In 1920 the annual cycle started upward again, but in April the resisting force 
of the malarial control operations was introduced with a resultant of a negative 
force, i.e., decelerating (with fluctuations) for the rest of the year. In 1921 the 
negative control force neutralized the positive seasonal force with the result 
that malaria hardly rose above its winter level. 

S. 20 


HOW THE BARK SYSTEM 
HAS CREATED WEALTH % 
FOR WESTCHESTER COUNTY 
AS SHOWN BY INCREASE IN 
TOTAL ASSESSED VALUATIONS 
OF TAXABLE PROPERTY % 


* 800000000 . 
700000000. 
6OC0OC0OO. 
*300000000. 


1921 19221 


[1924.025 B2S SZ7 S28 829 


? 1,700000000 
. 1000000000 
150000000 0 
. L4OQ0OQ0OO 
1000000000 
1200000000 
, 1 1 00,000000 
. 1000000000 
. 900000000 
. 800000000 
. 700000000 
. 600000000 
,$500000000 


YEARS IMMEDIATELY I YEARS IMMEDL 
BEFORE CREATION I AFTER CREAT 
OF PARK SYSTEM I OF BARK. SYS1 

Total budget Total budget Total budget Total budget 
$529,529.99 $733,103.33 $750,125.28 $1,202,958.93 


YEARS IMMEDIATELY 
AFTER CREATION 
OF BARK SYSTEM 

: Total budget Total budget 

[ $1,202,958.93 $1,544,207.84 


’$60,944.40 


$313,102.75) 


.$468,585,597 V .$420,00038 ' 


$462,518.98; 


$287,606.30. 




Mm 

® $ 1 , 583,631 £ 2^3 




$60,155.57- 


$39,423.98- 


1925 1926 1927 1928 19Z9 

KEY 

Income from rentals and concessions H Surplus appNcable toward 

E3 Net cost to tax payers tended debt charges 

Yearly total operating and maintenance budget, exclusive of bond inter- 
est and amortization charges, is represented by full circle. 

Shaded area represents revenue from rentals and concessions which in 
1929 overbalanced operating and maintenance budget. 

Greatly increased park facilities were available for public use in 1929 at 
no cost to the taxpayers for operation and maintenance. 

Economics of the Westchester County Park System. 


1928 


1929 


Surplus applicable toward 
beaded debt charges 


Ref.: Macy, Everit V., “Parks in the Modem Maimer,” Survey, Vo 1. LXTV, 
No. 7, July 1, 1930, p. 303. 
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Descriptive formula: S 20 = P, : t : uT -1 : (I„ IT7 1 ) Quantic number = 8 :1 *0 T 


Legend : 

S 20 = The situation 

records for 
Tj = Westchester County 
for each of 

t| = 2 periods (before and after 
park system) 

: uT -1 — subdivided into years 


a | = with initial dates stated 
I, ~ the tax valuations 

and 

T~ l = the annual 
I = budget 

in 

|i = 2 categories — rentals and 
taxes 


Comment: 

In this situation one force completely displaces another. The accelerating 
income from rentals for this plurel more than displaces the decelerating income 
from taxes. Both forces are in units of dollars per year per year per plurel. 
Expressed in terms of percentages of the whole budget, the two forces are per- 
fectly negatively correlated, (r = —1.0.) 

Expressing these facts in vectorial terms means that the two forces can be 
represented by 2 vectors which are collinear but oppositely directed. Each 
year the negative taxation vector cuts down the taxation process, but the posi- 
tive rental vector compensates and even adds enough so that the total income 
vector grows longer year by year. 
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Ref.: Research Bulletin of the National Education Association, Yol. XII, Xo. 5, Nov., 1934, p. 258. 


Descriptive formula : S 21 = a : : P p . 

Legend: 

S 21 = The situation 

records for each of 
tT -1 = 3 years 

a : 2 | = intermittently dated, i.e., 
with bounding dates stated 

for each of 


: ^(IT -1 ) Quaniic number — S ;1 ;0 ;1 

Pp = 2 corporation plurels 

each composed of 

|sq = a stated number of corpora- 
tions 

I = the income 
T" 1 = per year 
%\ = in % units 


Comment: 

The nine-year trend of 1920-29 would lead to a complete monopoly of cor- 
porate income by the 200 largest corporations in about 90 years ; the three- 
year trend of 1926-29 leads to a monopoly in about 45 years ; the acceleration of 
the trend between 1920-26 and 1926-29, if continued, would lead to such a 
monopoly in about 20 years. But the fallacy in thus projecting the trend of a 
few years far into the future is obvious. It neglects counteracting factors which 
may be growing but are not yet effective, such as the depression of 1930-33, 
and Gover nme nt regulation. To predict that the trend to concentrate wealth 
is likely to continue in the near future may be highly probable ; but to predict 
that such concentration will reach a monopoly in a given period is highly un- 
certain. 
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In calculating the amount of competing, the national corporate income as 
divided among 300,200 competitors in 1920 gives in round numbers, Cp = 1.7% 
which rose to 2.2% in 1929. This is of the order of 2% of a national monopoly 
of a single corporation. If, however, the 200 largest corporations are treated as 
if organized into one competitor, to consider the extreme case, the percentage 
of maximal competing, Cp, is 25% in 1920, rising to almost 32% in 1929. De- 
pending on how closely the 200 corporations are actually interlocked towards 
functioning as one, the competing lies between the limits of 1.7% and 25% in 
1920, and between 2.2% and 32% in 1930. The evidence from both sets of limits 
agrees upon a marked increase in the direction of a monopolistic corporative 
State. 

In the situation as recorded, there are two forces which are negatively corre- 
lated. There is the positive force gaining income for the 200 largest corporations, 
and the negative force whereby the second plurel of the “other corporations” 
lose income relatively. Each force is expressed in units of 1% of income per 
plurel per year per year. 

S. 22 


The value of industrial production more than doubled between 1928 and 1932; 
the totals being 15,818 million roubles and 36,813 million respectively. 

The actual figures in relation to the Five-Year Plan estimates and to 1913 are: 

(In million roubles at 1926-27 prices) 



1918 

1928 

1932 

Five-Year 

Plan 

1932 

Percentage 

Total Industry 

10,251 

15,818 

36,813 

Estimates 

36,600 

Increase 
over 1928 

132.7 

Group “A” 

4,290 

7,024 

20,486 

17,400 

191.6 

Group “B” 

5,961 

8,794 

16,327 

19,300 

85.6 


Ref.: U.S.S.R. Handbook, Victor Gollancz Ltd., 1936, p. 137. 


Descriptive formula: S 22 = Pp.Xp : a : fT -1 

Legend: 

S 22 = The situation 

records for each of 

Pp = 2 industrial plurels, A and B 
| , 2 P = and their sum 

for each of 


: Or.JT- 1 ), Quantic number — 8 ;1 ;0;1 

a : z | = intermittently spaced 
T -1 = an annual 

I = production (in rouble units) 

|i = planned and actual 
%\ = "with percentages also stated 


tT -1 = 3 years 
Comment: 

The unit of force is a rouble X 10 s per plurel per year per year. Thus the force 
for total industry from 1928 to 1932 was : 

36,813 

15,818 

20,995/4 = 5249 F-units, i.e., an annual gain of 5249 
million roubles of production 
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TRAINING BY UPGRADING PROCESS 
Operators Production Chart 
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Days by Weekly Periods 


16 -F 

DATA 

267 pieces = low production below 
which it was an expense to keep 
the operator 

195 pieces — average day’s produc- 
tion of operator while in manu- 
facturing dept., or 27^. below- 
output necessary to cover his 
maintenance. 

TCFc = increase in production dur- 
ing training period 

Average production during training 
period equaled that of estimated 
10 hr. day output 333 

Estimated 10 hr. day production 
reached 8 days after starting 
training 


Note the above is a daily record of a 
workman in the manufacturing 
dept, of a New England factory’, 
also his daily record when trans- 
ferred to the training dept, for 
upgrading 


Where the streak of lightning suddenly ascends is where the worker 

entered a training department 


Ref.: Miles, H. E., “Making Men While We Make Materials,’’ Surrey, Yol. XLIII, Xo. 19, March 6, 
1920, p. 702. 


Descriptive formula: S 23 = T : t : uT -1 : HIT-* 1 ) Quantic number = 8 ;1 ;1 

Legend: 


S 23 = The situation 
records 

'P = for a particular factory 
worker 


for each of 


tT -1 = 2 periods 


r in manufacturing 
department 
in training 
department 


. u | = subdivided into 9 weeks 

I = the number of pieces pro- 
duced 

T -1 = per day 

i-| = compared with 4 norm points 


Comment: 

The unit of force is a “piece” per person per day per day. The amount of 
this net force between 2 days is graphed as the difference in the vertical ordinates 
of those 2 successive days . 
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Graphs showing prints per year after paintings by Romney of 
Lady Hamilton, as illustrating the taste for the “sentimental.” 

Note: the weighted graph brings out more clearly the position 
of the peak, and the duration of the phase. 

■ ■ ■ ■ - ■ ■ i ■ ^ ■ " - — ^ - i i ■ n ^ i 

t 

Ref.: Sewter, H. C., “Possibility of a Sociology of Art,” Sociological Review , 

Vol. XXVII, No. 4, Oct., 1935, p. 446. 

Descriptive formula : S24 = ' : "P : tT -1 : (IT -1 )! Quantic number = 8;1 ;0;1 
Legend : 

S 2 4 = The situation for each of 

records for tT -1 = 20 years 

'P = one particular person 1 = beginning in 1780 

: "| = in relation to another h = 2 indices of engraving 

T -1 = per year 

Comment : 

« 

Does this attempt to quantify tastes in art represent a societal force? It 
involves an acceleration (T -2 ), something accelerated (I), and people (P), which , 
are the factors of a force, F = T~ 2 IP. The effective force, however, lies in the 
public's response in purchasing the engravings, not in the number of engravers 
('P), nor in the number of ladies engraved ("P). The people explicitly named 
in the graph and symbolized in the formula by ' : "P are not the people whose 
changing constitutes the effective societal force. The force is the changing taste 
in art in the purchasers. If the number of purchasers were stated, the “senti- 
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S. 24 (Continued) 

mental” force in this situation would be measurable. As a suggestion, let P, 
represent the number of purchasers of a particular engraving, since an edition 
of an engraving is usually limited. If |i = the number of different engravings 
and L 2 the area of each, then T~ l (PL 2 )si represents the ordinate of curve B 
when the number of editions (i.e., different engravings, |») is further weighted 
by the number of purchasers of each edition. Then the rise and decline of this 
sentimental force is described by F = IT" 1 : ^(PL^si, the number of copies 
of engravings purchased, weighted by size, per year per year. The force, as de- 
noted by the aggregative descripfc, t], is a series of forces varying from year to 
year as shown by the slope of the curve. Note that in this formulation the 
index is an area 5 L 2 replaces I in the formula for F. 

S. 25 



tea f 1923 m 


Ref Ogbum, William F., "Index of Trends and 
Their Fluctuations,” American Journal of Sociology , \oL XL, 
No. 6, May, 1935, p. 823. 
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S. 25 ( Continued ) 

Descriptive formula: S 2 5 = tT -1 ®! Quantic number = 8;1;0;1 

Legend: 

IT -1 — industrial produc- 
tion per year 

p%ET - 1 = failures per 1000 
per year 

I = prices 

IP -1 T“ 1 = income per capita 
per year 

IT -1 = payroll per period 

IT -1 = cost of living per 
period 

Comment : 

While all the curves show a depression-prosperity-depression cycle, the com- 
mercial failure's curve shows a seasonal cycle also. 

The situation compares an aggregation of indices with varying quantics, re- 
duced to common units of an index number with 100 as the base. As usual the 
highest quantic involved determines the quantic number of the situation as a 
whole. “Prices” represent a simple series of velocities ; “income” is an “I-per- 
capita force” where the index is a mean, and on multiplying it by P the P can- 
cels out, leaving the total United States income as the entity accelerated; 
Cl failures” represents a P-force; the other indices represent I-forces where the 
population is unity, namely the United States plurel. 
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S. 26 



Descriptive formula : Sae = E f * tT -1 : CO * 
Legend : 

S 26 = The situation 

records in the 
P, = United States 
for each of 
tT -1 = SO years 


ic number = 8 ;1 ;0 ;1 


1 

(I)i = 
(I)i = 


beginning in 1899 
6 indices of communication 
f Ij = radios, autos, phones 
IT" 1 = newspapers per day 
P = population 
[PT -1 = railroad passen- 
gers 




794 


[Pt.V 


THE TIME SECTOR, frt 
S. 26 ( Continued ) 


Comment on notation: 

This aggregation of compared indices includes an I-velocity (radios), a 
P-velocity (population), a P-force (railroad passengers (I°P) per year per year), 
and an I-force (newspapers per day per year for the United States plurel). The 
curves represent, therefore, 4 quantic numbers, namely, 9;1;0;0, 8;1;0;0, 
9;0;0;1, 8;0;0;1, and as usual, the highest digit involved in each sector goes 
to make up the quantic number for the whole situation. 

It may prove useful to invent some “structural formula” to show the sep- 
arate quantics of the elements of this aggregated situation. Some suggestive 
devices are: 

(3) a braces pattern : 

9; I 1;0;0 

8 ; { 0 ; 0;1 

(4) an alternative digits scheme : 

9,8: 1,0: 0:0,1 


8 ; 0 ;0 ;1 

Pending further exploration, the utility of such structural formulae is unknown. 


(1) a matrix listing the separate quantics : 

T;I;L;P 

9 ;1 ;0 ;0 
8 ;1 ;0 ;0 
8 ;0 ;0 ;1 
9 ;0 ;0 ;1 

(2) a connecting line diagram : 


9 ; 1 ;0 ;0 
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NO. Quantitative Methods in Politics 




Magazine articles on Initiative and Referen- 
dum listed in Readers’ Guide , 1900-1922 inclu- 
sive, with number of states adopting initiative 
and referendum legislative devices in the same 
years. 


Ref.: Rice, Stuart A., Quantitative Methods in Politics, 
Knopf, 1928, p. 248. 


Descriptive formula : S 27 = tT -1 

Legend: 

S 27 = The situation 

records for each of 

tT -1 = 22 years 

'| = beginning in 1900 
T ” 1 = the annual 


* (I, spFjT" 1 Quantic number = 8 ;1 ;0 ;1 

I = frequency of magazine articles 
on referenda, etc., 

and 

2 pP = frequency of States adopting 
such legislation 


Comment: 

The situation presents an I-force (in units of articles per year per year for 
the United States plurel, T-TP ,) 0 and a P-force (in units of States adopting 
legislation per year per year, T~ 2 I | P P). A. full IP-force might be derived rom 
a product of States and articles (spPI)j although magazine articles are a some- 
what indirect indicator of the changing opinion in the States which leads up 
to the critical point of legislating. 
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This replacement of men by machines has only begun. One authority 
estimates that the average production per worker has increased about two and 
one-half percent per year since 1900. That figure seems much too low. Brook- 
ings Institution estimates an almost forty percent increase between 1920 and 
1930 w r hile the Report of the President’s Research Committee on Social 
Trends states the production per man in manufacturing increased fifty-three 
percent between 1919 and 1929. 


Ref.: Furnas, C. C., The A 'ext Hundred Years, Reynall and Hitchcock, 1936, p. 343. 

Descriptive formula: S 2 s = a : JT -1 : ^(IP^T- 1 ) Quantic number = 8 ;1 ;0;9 
Legend : 

S 28 = The situation I = a production 

records for each of P - " 1 = P er man 

tT" 1 = 3 periods ^ = P er y ear 

* : s | = each with its own limiting %l — in percentage units 

dates 


Comment : 

This illustrates a “per capita force.” It is the total force of production in the 

nation divided by the population to re-express it in average or per capita units. 

On multiplying by P the P’s cancel out, leaving an I-force (T~ 2 IP,). This is 

the total production of the plurel and is exactly equivalent to the per capita 
p 

production (SI/P) times the number of persons, P. Instead of this product, 
1 

p 

however, the national production is actually a sum (21), since the productions 

1 

p p 

of individuals vary 21 = (2I/P)P. 

1 1 
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The Number of First Degrees in Education Granted in 
the United States per 100,000 Population, 1910-32. 


Ref.: Pemberton, H. Earl, “The Effect of a Social Crisis on the 
Curve of Diffusion/' American Sociological Review , VoL II, No. 1, 
Feb., 1937, p. 59. 


Descriptive formula: S 29 = tT~ x : (IP” 1 !' -1 ) 

Legend: 

S 29 = The situation 

records for each of 

tT" 1 = 22 years 

7 | = beginning in 1910 


Quantic number — 8 ;1 $$ 

I = the number of first degrees in 
Education 

T" 1 = granted annually 
P -1 = per 100,000 population 


Comment: 

This graph illustrates a per capita force where the unit is a .000,01 degree 
per capita per year per year. On multiplying by the population to remove the 
reduction to per capita units, the P cancels out, leaving the total number of 
degrees granted per year per year in the United States which is an I-foree, 
T- 2 IP,. 

The equation of the fitted normal probability curve is : 

tIP- 1 = .4lP“ 1 /o-(1.65 ta / ffS ) 

where tIP -1 are the ordinates, the number of degrees per population in the 
successive years, IP -1 is the total number of degrees per population, l 4 is the 
abscissa in units of deviation from the mean date, and <x is the standard deviation. 
The remarkable finding jg first, that the data follow the normal probability curve 
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S. 29 ( Continued ) 

so closely, and second, that a major disturbing factor such as the World War is 
quickly compensated for after it ceases to operate. On the basis of these findings 
predictions of growth in the number of degrees granted annually in the near 
future may be made with reasonable expectation of their coming true. 

S. 30 



Per Capita Costs of Social Services, Providence, R.L 

Ref.: Phelps, Harold, and Baker, Edith, “Costs of Social Service,” Social Forces, Vol. IX, No. 1. 
Oct., 1930, p. 66. ' 

Descriptive formula: S30 = tT -1 : ($IP~ 1 T“ 1 )i Quantic number = 8 ;1 ;0 ;9 

Legend : 

S 30 = The situation p-i = per capita 

records for each of T*" 1 = per year 

tT" 1 = 27 years $1 = in dollar units 

'| = beginning in 1900 

Ii = 6 indices of social services 
costs 
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Comment: 

This is another per capita type of force which, on multiplying by the popula- 
tion P to eli m i n ate reduction to per capita units, becomes an I-force (T“ 2 IP,) 
expressed as total social service dollars per year per year in Providence. This 
is actually a full societal force (“ IP-force ”), since I is the sum of the contribu- 
tions of each person in the population, which for a distributed characteristic 
is equivalent to the product of a population each person of which has a constant 
amount of some characteristic. 

For comparison of the six societal forces supporting the six social services, it 
is immaterial whether a per capita force, or a total IP-force, is used, since the 
difference between them is simply the division by a constant, the P. 

S. 31 
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Percent distribution of expenditures of the 48 states, 1915-29. 


Ref.: President’s Research Co mmi ttee, Recent Social Trends , Vol. II. McGraw-Hill, 1933, 
p. 1296. 


Descriptive formula : S 31 = a : tT ” 1 : P^p 
Legend : 

Sax = The situation 

records for each of 
tT -1 = 2 years 

a: *| = with bounding dates stated 

for 


: % (IT" 1 ) i Quantic number = 8 ;1 ;Q *,1 

P 2p = the 48 States 
% 1 = percents of expenditures 
T~ l = annually 
|i = of 10 kinds 
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Comment: 

This situation presents a problem in expressing the units of a societal force. 
Since the various subtypes of expenditures are expressed in percents of the 
total, the total is in effect locked to a constant 100%, regardless of whether more 
plurels were to come into the situation, or greater absolute expenditures in 
dollars were to be made. Only relative forces between the ten kinds of expend- 
itures are presented, and these are of the I-force type, since the expenditures are 
for the whole plurel of 48 States (T _2 IP,). Adding more States to the plurel 
would not increase the force proportionally, as long as it is expressed in units 
of percent of the total expenditure. 
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Ref.: Road Maps of Industry, N.I.C.B. Chart Service, July, 1927, Chart No. 162. 
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Descriptive formula: S 32 = Pp : t : « 7 T 1 
Legend : 

S 32 = The situation 

records for each of 
Pp = 5 national plurels 
for every 

t : uT -1 = year and month 
Comment: 


Quantic number = 8 ;1 ;0 ;1 

'[ = beginning in 1914 
I = a cost of living index 
T~ l = per year 
I, = and compared with 
|i = its 5 subdivisions 
%\ = in percentage units 


S. 32 (i Continued ) 

: %(IT -1 ),i 


The five I-forces which produce the fluctuations in the cost of living are ex- 
pressed in percentage units per year per year for one nation (T“ 2 %IP,). 

The situation illustrates the tension theory. First, as an hypothesis, let the 
annual cost of living be considered as the index measuring E, the (economic) 
tensing. Therefore, the tension theory equation becomes 

P,D = VE = V (IT -1 ) (a) 

This assumption is based on the psychology of changing costs of living 
where periods of rising costs are called “hard times” and unpleasant to the con- 
sumer, and falling costs mean easing of tension and fuller satisfaction (V) of desires. 

Increasing costs of living (IT -2 ) are now identical with accelerating tension 
(ET -1 ) and this is by definition the effective economic force at work in one plurel, 

F = IT-^P, = ET _1 P, (b) 

The force in these terms is an economic attensing force, i.e., it is that which 
accelerates this economic tension, in a plurel. 

As the cost of living rose in all five countries in this period the accelerated 
tension meant one of two things to the consuming public — either decrease of 
goods and services consumed, (— t V = “regressing”), or increased desire 
(+tD = “evaluating”) for more monetaiy income to exchange for the accus- 
tomed goods and services of a previous standard of living. The tension theory 
thus analyzes, or expresses, the psychological as well as economic factors in- 
volved in a changing index of living costs. 

Next in the family budgets the relative shares of the five kinds of items may 
be as the relative amounts of each of five desiderata (V v ) whose sum is called 
100% as a convenient unit : 


Vi + V 2 + V 3 + V 4 + Vs = V Sv = 100% (c) 

The tensions in each family for each kind of desideratum tend to be equal : 

T? __ L 1 __ I i T T? Ij 1 

Ha — Hj2 — Hj 3 — JLLj4 — H 15 


or 



H2 E3 



D 5 

V 5 


(d) (P„ being a constant, can be canceled out) 


for if not, one kind of item will have (a) a smaller ratio, or (b) a larger ratio 
than the others. If the ratio is smaller it means that that item is less desired 
(D) relative to the dollars (V) assigned to it, and the family will tend to reassign 
some of the dollars of that item to other items that are relatively more desired. 
If any ratio is larger than the others, it has fewer dollars in the denominator 
relative to the family’s desire for it in the numerator than is the case for other 
items, so that the family will tend to take dollars from other items and assign 
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S. 32 (( Continued) 

them to this item, until the tension for it is roughly equalized with tensions for 
each of the others. 

By interposing ratios in pairs such as : 

D 1 /D 2 = V 1 /V 2 (e) 

it is found that the ratio of the desires for any two desiderata (i.e., any two of 
the 5 kinds of items) is equal to the ratio of the amounts of those two desiderata. 
To obtain a unit for expressing these unknown intensities of desire, D, let their 
sum be 100%. This is the total intensity of desire for an economic living and uses 
a unit comparable to the percentage units in which the desiderata are measured. 

Di + D 2 + D 3 + D 4 + D 5 = Dxv = 100% (f) 

Solving among these equations gives a relative intensity of desire for each kind 
of desideratum exactly equal to the relative amount of that desideratum : 

Di « Y h D 2 = V 2 , D 3 = V 3 , D 4 = V 4 , D* = Vs (g) 
and so, Ei — E 2 = E 3 = E 4 — Eb — 1 (h) 

This result flows from the assumption of equal tensions and the expressions 
of both the desiderata and the desires in comparable units as percents of their 
sum. The assumption of equal tensions will be somewhat in error in individual 
families where a commitment, such as a house rented for a long period, may 
prevent prompt readjustments between the five kinds of desiderata as the fam- 
ily’s desires change ; but on the average for the nation, as in the graph above, 
these errors average out, and the averaged tensions for the five kinds of desid- 
erata probably are very nearly equal, under the existing economic conditions. 

Note that instead of considering the percentages for each kind of desideratum 
as measuring the 5 relative amounts, V v , of those desiderata attained by fam- 
ilies, these percentages could be considered as measuring the 5 relative inten- 
sities of desire, D v , and the result would be the same. 

This situation illustrates the solution of the matrix equation composed of 
5 simple interdependent equations for the five desiderata, | v , all repeated for 
each of the five nations, | p , making 25 equations for one year : 

t '(PD = VvE) p (i) 

S. 33 



Ref.: Gairt, John Palmer, “Very Dear Uncle Sam/’ Survey, Vol. LXVII, No. 9, 
Feb. 1, 1932, p. 493. 
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Descriptive formula : S33 
Legend : 

S 33 = The situation 
records 

,T“ X = for the 20-year period 1911— 
31 

%\ — the percentage increase in 
P = the U.S. population, 


Quantic number = 8 ;1 ;0 ;1 

I = national wealth, 

and 

I = government expenditure 
T~ l = per year 


S. 33 ( Continued ) 
= ,T-i : c,(P,I,(IT-0) 


Comment: 

A superficial application of the formula for a societal force, F = T -2 IP, might 
result in multiplying the change of the annual expenditure by the population. 
More penetrating analysis, however, suggests this to be a less meaningful unit 
than to consider the expenditure per year per year as the force (I-force). The 
population is implicit in the total government expenditure. The total expenditure 
in reality is the sum of the expenditures prorat able to each citizen. As prorating 
each citizen’s exact and differential share is difficult, the average, or per capita, 
expenditure serves as an approximation valid for the whole plurel, although in- 
accurate in showing individual deviations. The per capita share times the 
population is the true IP product, the acceleration of which is the societal force 
of government spending ; but this product is simply the total expenditure. To 
multiply it again by the population is to take a characteristic of the persons of 
a population and multiply it by the square of the population — which produces 
a pointless result. 


S. 34 



Cycles of wholesale prices (P) and church increases ( Ch ) in the 
United States in units of standard deviation from their respective 
trends; annual data, 1875-94, showing a negative correlation, 
r = -.67. 


Ref.: Reinhardt, J., and Davis, G., Principles and Methods of Sociology , 
Prentice-Hall, 1932, p. 169. 
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S. 34 ( Continued ) 

Descriptive formula: Sm = P, : IT" 1 : 1,. (IT' 1 ),, Quaniic number = 8;2;0;1 
Legend : 

S 34 = The situation I, = an indicator of prices 

records for • = correlated with 

P, = the United States = an index of church increase 

£ u £ T -1 a* per year 

for each of ^ 

JT _1 = 20 years, beginning in 1875 


Comment: 

The correlation of two time series illustrates the process of *‘reco varying” 
(Brief-S = r (IJt)). The recovarying is between an index of religion and of eco- 
nomic adversity. This correlation plus antecedence of the price changes are the 
two necessary (but not sufficient) conditions for proving economic adversity 
a partial cause of religious interest, in this situation, to the extent of a coefficient 
of determination of 45% (= .67 2 ). (See e ‘ Causation” in Chapters VI and XI.) 
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Cycles of wholesale prices (P) and per capita consumption of liquor (L) in 
the United States, in units of standard deviation from their respective trends; 
annual data, 1894-1913, showing a positive correlation, r = .78. 


2C 



1887 1890 1895 1900 1906 


Cycles of wholesale prices in the United States (P) and the marriage rate 
for the United States ( M ) in units of standard deviation from their respective 
trends; annual data, 1887-1906, showing a positive correlation, r = .67. 


Ref.: Reinhardt, J., and Davis, G., Principles and Methods of Sociology, Prentice- Hall, 1932 , 

p. 168 . 
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Descriptive formula: S35 = a 't , T~ 1 : I, 
Legend : 

S35 = The situation 

records during 
tT -1 = 27 years 

a,z, | = in periods with stated 
limits 

cl, = an index of prices (in a 
units) 


Quantic number = 8 ; 2 ; 0;1 

• = correlated with 

cl,, = an index of liquor con- 
sumption 

P^T - " 1 = per capita annually 
, = and with 
T~ l = the annual 
e % P = marriage rate 


Comment: 

In this correlation of time series (“recovarying”), changes of a static index 
are correlated with changes in each of 2 dynamic indices. A velocity is corre- 
lated with each of 2 forces — a per capita subtype of an I-foree and a P-force 
(newlyweds per population per year per year). A marked correlation of both 
liquor consumption and marrying with economic prosperity is revealed. 
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Estimates of pre-war annual birth and death 
rates, per 1000 population, in certain countries 
(see Table 22). The plus and minus scales to the 
right indicate the annual rate of increase or de- 
crease per 1000 population. Countries to the left 
have low rates, and countries to the right have 
high rates. With advancing civilization there ap- 
pears to be a tendency for a country to move from 
low right to higher middle and to lower left. 


1870 1910 


Country 

Births 

Deaths 

Births 

Deaths 

Orange Free State 

19 

8 

12 

4 

New Zealand 

39 

12 

23 

9 

United States 

39 

21 

25 

14 

United Kingdom 

35 

22 

24 

15 

Sweden 

30 

19 

26 

14 

Europe 

.... 37 

26 

30 

18 

Belgium 

.... 30 

22 

28 

18 

France -. . . . . 

26 

24 

21 

20 

Italy 

38 

32 

33 

24 

Serbia 

44 

33 

41 

25 

Russia 

51 

37 

48 

31 

India 

» • « 9 9 * + 


40 

33 

Japan 

f • • • 1 « 9 

« • 

55 

43 

China 

« m 9 * * • * 

. . 

50 

49 

Dutch East Indies 

m m m • • 9 # 

B • 

61 

59 


Estimated trends of pre-war annual birth and death rates per 1000 popu- 
lation in specified countries at approximately the dates 1870 and 1910. 


Ref.: Reinhardt, J., and Davis, G., Principles and Methods of Sociology, Prentice-Hall, 
1932, p. 390. 
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S. 36 ( Continued ) 

Descriptive formula: S 36 = /T” 1 : „T“ l : i( % P) :: 4 (ejP) :P p 

Quantic number - 8 ;2 $ ;1 

Legend : 

S 36 = The situation x | = in 7 class-intervals 

records :: — cross-classified with 

T -1 = for the 40-year ^ = ^dex the death rate 

period 1870-1910 j| = in 7 class-intervals 

^T -1 = the annual : = with the corresponding 

% P = index of the birth rate T p = frequency of the 15 nations 


Comment : 

The situation illustrates acceleration of the process of recodispersing, the 
change of a correlation of two dynamic indices. The correlation of births and 
deaths in 1870 is .72, and 1910 (in the same sample of 11 nations) is .93, repre- 
senting an annual velocity of change in this pattern of 5 r points per decade. 

Comment on Notation: 

By Rule 8, Appendix II, the two correlated population indices are classed 
in the quantic number as a correlation by the indicatory digit of 2, 
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S. 37 {Continued) 


Descriptive formula: S 37 = P , : : Pq *• tT 
Legend : 

S 37 = The situation 

records for 

P, = Syria 

: : = cross-classified with each of 
P q = 5 neighboring countries 

for each of 

t T -1 = 4 years 


1 : t c (IT l )\ Quantic number = 8;1 

'[ = beginning in 1930 
I = the trade 
T _1 = per year 

= in percentage units 

in 

|i = 5 categories (transit, re- 
export, etc.) 


Comment: 

This situation combines two-way interaction with acceleration defining a 
force. This combination of a societal force and interaction of plurels is the defini- 
tion of societal control in this volume— the accelerating of change in one plurel 
by another plurel, T“ 2 IP 2 . Each country's changes of annual imports change 

the exports of the other country. The unit of force is one percent of trade per 
year per year per plurel. 
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S. 38 



Ref.: Brinton, Willard C , Graphic Methods 
for Presenting Facts, Engineering Magazine 
Co., 1923, p. 257. 


Descriptive formula: S 38 = P, : JT” 1 
. Legend: 

S 38 = The situation 

records for 

P, = the larger U.S. railroad 
companies 

for each of 
t T~ l = 12 months 


: (IL -1 T -1 )i Quantic number = 8 ;1 ;9 ;1 

'| = beginning January, 1912 
I = the dollars 
L-ip-i = per mile per year 

in 

|i = 3 classes — Revenues, Ex- 
penses, and Net Revenue 
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S. 38 ( Continued ) 

Comment: 

The fundamental equation of accounting in all business conducted for profit 
is represented by the ordinate in the graph, and the series of ordinates presents 
the equation expanded in the time dimension into a matrix equation. 

Income, I,T _1 — Expenses, 1,/T -1 = Profit or loss, I,„T~ l 

which reduced to mileage units for each of 12 months becomes : 

tT-i : (ITT- 1 ,,-,,,)!/-* 


In terms of forces, the two independent I-forees, F, and F,„ and their resultant 
difference, F,„, are expressed in units of dollars per mile per month per month 
per plurel, where the plurel is the railroad companies specified in the caption. 



Ref.: Hart, Homell, The Technique of Social Progress , Henry Holt, 1931, p. 76 


Descriptive formula: S 39 = fT* : CUT*), Quaniic number -SfiUfi 


Legend : 

S 39 = The situation 

records for each of 

tT -1 ~ 20 decades 

7 | = beg innin g in 1730 


L = the number of miles 
T -1 = per hour 

by each of 

|. = 5 kinds of human travel 
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Comment: 

One of the simplest forms of societal acceleration is this speeding up of speed 
of travel, the velocity of change over the decades of the hourly velocity of travel. 
Physical acceleration and societal acceleration are here equivalent. 

By making more explicit the plurel “human travelers,” P„ to whom this 

situation refers, since all these speeding objects are vehicles for carrying people, 
a societal I-force of traveling can be inferred in units of miles per hour per 
decade per vehicular plurel. F = LT -1 ! 1-1 ]?,. (Note again that for one plurel, 

as for one attribute, multiplying by it or dividing by it is numerically equivalent, 
so that “ plurel-miles ” is equivalent to “miles per plurel,” LP, = L/P,. (As 

most I-forces are for one plurel this principle should be remembered when ex- 
pressing their units in words.) 


S. 40 


Average Rainfall by Months 
Seven Sections of the United States 
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Geographical distribution of time variables. Courtesy of Successful Farming. 


Ref.: Riggleman, R. John, Graphic Methods for Business Statistics, McGraw-Hill, 1936, p. 1S3. 
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S. 40 ( Continued ) 


Descriptive -formula: S40 = tfj.J : tT -1 : (IT -1 ) 

Legend: 

S40 = The situation 

records for each of tT -1 

! L 2 = 7 cities 


Quantic number = 8 ;1 ^ ,*0 


for each of 
12 months 
the 


in 

| t i = the 48 mapped States 


I = rainfall 
T~ l = per month 


Comment : 


This situation is best interpreted as a simple acceleration of a physical char- 
acteristic of the human environment. The interpretation could be stretched, 
however, to consider it a societal I-force by inferring the people in each city and 
calling the units inches of rainfall per month per month per each of 7 piurels. 
(F = T -2 LP) p 


S. 41 


PLAYGROUNDS 

REDUCE STREET ACCIDENTS 



CHIID DEATHS ROM STREET ACOOBflS 



1935 



iriitiiriitiifji 


Each symbol =40 playgrounds 


Each symbol =40 deaths 



• Where the growth of one thing causes the decrease of another, 
the above layout is most indicative of this effect. Chart prepared 
for the Police Department New York City. 


Ref.: Modley, Rudolf, How to Use Pictorial Statistics, Harper, 1937, p. 36. 
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S. 41 ( Continued ) 

Descriptive formula: S41 = ,T -1 : (iL^PT -1 ) Quantic number ~ 8;0;2;1 

Legend : 

S41 = The situation 

records for 

,T -1 = a four-year period 1931-35 
1L 2 = the number of playground 
areas 

Comment : 

Causation is suggested but not proven by the P-force situation as recorded. 
An association of a prior condition (playgrounds) and a subsequent condition 
(accidents) under highly urban conditions (New York City) is shown, but with- 
out enough further evidence of the frequency of such association to reliably 
establish the probability of it. The evidence for causation is “necessary but in- 
sufficient/ 7 

Comment on notation : 

Note that the population index, P, is as usual a condensed implicit product 
of one or more attributes, 1°, and a “pure 7 7 P, thus: 

I? X I?, X I ?„ X PJ = P MW" = accidentally — killed — child — persons = 

P, = P by Eq. 4, Ch. IV 

children killed the same with singular 
by accidents class script understood 


, = compared with 
P = children killed by accidents 
T" 1 = per year 
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Descriptive formula: S 42 = tT -1 : a : uT +1 : (^PT -1 ) 
Legend : 


S 42 = The situation 

records for each of 

tT -1 = 9 decades 

'1 = beginning in 1840 

Comment: 


Quantic number — 81 $ ,0 

and for each of 

tt T +1 = 5 10-year age groups 
a = with varying limits 
T -1 = the annual 
%P = death rates 


The societal force of mortality is here of the durational P-force type, i.e., 
it is a deceleration of depopulating classified by ages. The unit is one person 
dying per 1000 per year per year. F = T~~ 2 I°%P. 
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Catholics Only — Trends in Confinements per ioo Families According 
to Linguistic Group of Wife's Maiden Name, by Occupation, 
Residence, and Interval after Marriage 

Rates standardized for age of wife 
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Ref.: Stouffer, Samuel A., “Trends in the Fertility of Catholics and Non-Catholics,” American 
Journal of Sociology, Vol. XLI, No. 2, Sept., 1935, p. 146. 


Descriptive formula: S 43 

Legend: 

S 43 = The situation 

records for each of 

tT -1 = 3 4-year periods 
'| = beginning in 1919 

for each of 

U T +1 = 2 durations f 1 st 3.5 years 
of marriage \ 2 nd “ “ 

% P = the ratio of confinements per 
100 families 


Quantic number = 81 ;0 ;0 ;1 

T " 1 = per 3.5-year period 

classified into 

| p = 2 regional plurels 

subclassified into 

| q = 3 occupational plurels 

and further 
subdivided by 

| r = 2 racial name-plurels 


= iT-i : u T+i s (^PT- 1 ): 


Comment: 

The force here is a negative P-force, the deceleration of the adpopulating 
process, classified so as to isolate conditioning factors of the duration of mar- 
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S. 43 ( Continued ) 

riage, race, region, and occupation. The classifying is intended to determine 
whether the birth rates of Catholics are declining when freed of other irrelevant 
but obscuring variables. 

S. 44 

I PER CENT 



Agricultural Production, National Population, Crop Land, and Farm 

Labor. Percentage Change, 1906-31 

Although agricultural production is now a third greater than twenty years ago, 
crop acreage is only an eighth greater, and quantity of labor employed in agricul- 
ture is somewhat less than in 1909. Production per acre has, therefore, increased 
nearly 20 percent, and production per man nearly 40 percent. Most of this in- 
crease has occurred since the World War. The increase in production per acre 
between 1919 and 1929, two fairly normal years, was about 16 percent, practically 
none of which is owing to increase in acre-yields of the crops, while the increase 
in production per man was about 26 percent. It will be noted that agricultural 
production has just about kept pace with population growth during the past 
25 years. (Courtesy, U.S. Bureau of Agricultural Economics.) 


Ref.: President’s Research Co mmi ttee. Recent Social Trends , Vol. I, McGraw-Hill, 1933, p. 100. 




820 


[Pt. V 


THE TIME SECTOR, jTt 


S. 44 ( Continued ) 


Descriptive formula: S44 = tT -1 : %(I) i 

Legend: 

S44 = The situation 

records for each of 

tT” 1 = 26 years 

'| = beginning in 1906 
(I) i = 4 indices 
%| = in % units 

namely: 


%(I)i = %(P ,IT~ 1 ,L 2 ,PT+ 1 T“ 1 ) 
Quantic number = 81 ;1 ;2 ;1 

P = the U.S. population 

IT -1 = agricultural production per 
year 

L 2 = crop acreage 

and 

PT+ 1 = months of farm labor 
T" 1 = per year 


Comment: 

The situation lends itself to an exploration of tension theory. Let production, 
IT" 1 , be the desideratum, V, desired by the U.S. population, P. 

V = IT" 1 (a) 

Let the total intensity of desire be indicated (somewhat indirectly) by the man- 
days of labor devoted to agricultural production as an index of the national effort 
to produce: 


PD = PT +1 T -1 (b) 

Consider the tension theory equation expanded as a matrix for the series of 26 
years: 


t (PD = VE) (c) 

The population and the production curves tend to follow each other, i.e., the 
growth of production correlates with the growth of population: 

t P. t V>0 (d) 
tD • tE ? > 0 (e) 

i.e., the average intensity of desire for production must correlate with the na- 
tional tension in this respect, since, if in (c) P and V correlate highly enough to- 
gether, D and E must tend to covary also. 

The curve for PD (b) is almost level, while P increases through the 26 years, 
so that D must have decreased compensatingly to produce the constant product 
PD. When D decreases E must tend to decrease also by (e). The conclusion, 
based on the assumption (b), is that the national tension towards agricultural 
production has eased up, less effort in man-days of labor is required as technology 
increases, surpluses are more apt to occur with the same effort as formerly, 
abundant agricultural production is less of a problem today to create. The 
process of detensing, — tE, has gone on in respect to this desideratum in this 
plurel and period. 
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IV. NOTES 


1. Specifically the formulae are : 



St/ T = celeration of periodizing, Eq. 70b, Ch. X 

<r (* T ) = “ “ revarying, Eq. 58, Ch. X 

•» = “ “ reeovaiying, Eq. 65, Ch. X 

alf • u- = “ “ reranking, Eq. 64c, Ch. X 


(Eq. 6a, Ch. XI) 
(Eq. 6b, Ch. XI) 
(Eq. 6c, Ch. XI) 
(Eq. 6d, Ch. XI) 


2 . Previous publication of this theory of societal forces may be found in 
Refs. 12, 16, 18, and discussed in Refs. 6, 7, 44, 55. 

3 . Since Newton, a physical force has been defined similarly in terms of its 

net effect, i.e., as the product of a mass, M, moved a distance, L, in “ time -to- 
the- mi nus-two, ’ ’ T -2 . 


P' = LMT~ 2 = a physical force (Eq. 8a, Ch. XI) 

The unit of physical force is the dyne which is defined as one gram, M, moved 
one centimeter, L, per second per second, T~ 2 . 

For a societal force, P replaces M as the population-mass whose inertia the 
force overcomes. The population becomes that which is moved or changed in 
some respect. The respect is defined by the index (I) which replaces the dis- 
tance, L, of the physical force. In S-notation, mass is a characteristic of people 
and their environment and is, therefore, a kind of I, so that the formula for a 
physical force becomes: 

F' = T~ 2 I m L = a physical force in S-notation (Eq. 8b, Ch. XI) 

Thus, we see that physical forces and all their derivatives and compounds, 
such as “work,” “energy,” and “power,” can be readily expressed as partic ular 
non-societal combinations of S-theoiy concepts. The indicator in S-theory ran 
be stretched to include all the variables of any of the sciences, but in order to 
define a sociological situation, some human beings, P, must be involved in the 
situation, explicitly or latently, and the indicators must have some reference to 
those people. 

4 . Strictly, this definition of a societal force applies only to phenomena for 
which objectively observed indices are available. Where such indices are not 
available the theory may be conceptually applied, but with less precision and 
assurance. The degree of objectivity is measurable by a reliability correlation 
coefficient, or a percentage, or some other equivalent index of the degree of 
agreement between different observers of the same phenomena. 

This limitation of the exact application of the theory to situations where pre- 
cise objective data are available is common to Physics and Sociology alike. 
Thus, in a collision of two autos, the exact force of the collision cap not be stated 
until the constituent factors have been measured. If the ma s ses of the two 
autos and their velocities at the moment of collision are only roughly determined, 
the force as stated will only be correspondingly approximate. The difference 
between the physical and the societal forces is that, instead of the easily meas- 
ured change of distance, the social sciences deal with less easily measured chang es 
of a myriad of characteristics. 
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5 . The three principles as stated for Physics are : 

A. Every body continues in its state of rest or of uniform motion in a straight 
line, unless it be compelled by impressed force to change that state. 

B. Change of motion is proportional to the impressed force, and takes place 
in the dir ection of the straight line in which the force acts. 

C. To every action there is always an equal and contrary reaction. 

These principles are currently referred to as the three “laws of motion.” The 
author’s suspicion is that this is a misnomer ; they are not laws stating relations 
between phenomena, such as stated by the law of gravity for example, but 
simply a generalized operational definition of concepts. The enormous utility 
of this operational definition has led to venerating it as a “law” of nature’s 
working, rather than as a postulate to help man think about nature’s working. 
As the author is not a physicist, however, this suspicion may be entirely erro- 
neous ; it is recorded to invite criticism from competent persons, as such criticism 
bears on the philosophy of science and includes our concept of societal forces. 

6 . Its formula is : 

pF = T- 2 s P ,P* = a “P-force” (Eq. 10, Ch. XI) 

This states that a population force is the acceleration (T~ 2 ) of a population 
of some number of persons (P), or of plurels (s P ,|) of some kind (|,), raised to 
some power (|p). If the exponent is 0, it may specify a sociating force; if 1, it 
is a populating force ; if 2, an interacting force. * 

7. To derive this, recall that P? = (I?P|J) by Eq. 4a, Ch. IV, and that P° = 1, 
and finally that (1)1? ~ (I), by Eq. 9b, Ch. Ill, so that an index in one plurel 
defined by attribute A is equivalent to that index for attribute A, i.e., that 
index holding under the condition of attribute A. Attribute A usually is the 
name of the plurel, e.g., exports (I) from Denmark (P?) is equivalent to Danish 
exports (I,). 

8. Chapin, however, mentions the proposal. (Ref. 6, p. 347.) 

9 . A formula for causation, based on the definitions above, is here tentatively 
suggested as an hypothesis : 

* * XU) ? = r = a formula for the degree of causation (Eq. 15, Ch. XI) 

A correlation is asserted here, between an index on one date, or set of dates, 
and that index on a second date, or set of dates, 11 * u | . The conditions are speci- 
fied by the scripts of the index. Recall that any class script may be the product 
of any number of implicit attributes which specify the conditions under which 
the index was observed. The r, the correlation coefficient, states the prob- 
ability, the degree to which the earlier index is a cause of the later index. When 
r is 1, the probability is perfect, and the earlier index is the sole cause of the 
later index. The term “cause” here becomes simply a convenient substitute 
for the cumbersome phrase “antecedent correlate under specified conditions.” 

This definition of the term “cause” seems to us to have the same referent as 
the term “mechanism” as defined by Lundberg in Chapter V of Foundations 
of Sociology. He says: “The word mechanism is used in this book to designate 
any combination of circumstances, conditions, or movements necessary and 
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sufficient to produce any observed behavior.” The term “necessary” requires 
a correlation greater than zero between the “circumstances” etc. and the 
“observed behavior” (the effect) while the term “sufficient” requires a corre- 
lation of unity meaning that the “circumstances” etc. are the sole cause of the 
“observed behavior.” We submit that “correlation” covers this case of com- 
plete causation and also all degrees of partial causation. It also provides in 
calculating the appropriate form of correlation coefficient a more operational 
definition than is conveyed to most persons by the terms “necessary and suffi- 
cient.” The further element of time sequence in our definition is implicit in his 
definition in the verb “to produce.” His “combination of circumstances, con- 
ditions or movements” might be symbolized as an S-situation and not just an 
index, making Eq. 15 read 

t • U S ? = r (Eq, 15a, Ch. XI) 

This suggestion needs careful exploration and critical revision. 

As the application of this formulation (Eq. 15, Ch. XI) to data has not as 
yet been explored, it may be expected that it will be drastically revised, or re- 
jected as inadequate, upon further research. 

10. The generalized standard error formula for these indices building up to a 
societal force is: 


L The case of static indices 

t 2 

erf = X t# (kierP -1 ) *" (kjcrP” 1 ) ( vt "P *' * t# Vl) 

l 


standard error of a societal force, 
acceleration, velocity, momentum, 
or change, based on static indices 
l and a shifting population (Eq. 16) 


where: (a) |i can denote (depending on k) 

a societal force, F = PIT~ 2 (Eq. 17a) 

or a societal momentum, Mm = PIT -1 (Eq. 17b) 

or a societal celeration, = IT“ 2 (Eq. 17c) 

or a societal velocity, = IT -1 (Eq. 17d) 

or a societal change, J(= *'T — *'I if I is static) (Eq. 17e) 

(b) the s umm ation is for all pairs of the t survey dates, 

*'[, *"(, t"'|, *'•[, or more briefly, '|, "|> '1 OEq- 18) 


on each of which I was measured 

t = 2 for a change, velocity, and momentum (Eq. 18a) 

t = 3 for celeration and force in 2 consecutive periods (Eq. 18b) 

t = 4 for celeration and force in 2 non-consecutive periods (Eq. 18c) 

(c) *'t”P denotes the population of those persons common to both dates 

(Eq. 19) 

(d) v * V 'I denotes the scalar product, in a units, i.e., the correlation coeffi- 

cient, of I on one date with I on the second date ^ (Eq. ^ ) 

(e) ki is a constant in deriving each cr, as it is a ratio of population to time 

depending on what |i denotes, as follows : For the most complicated 
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case of a static index and a population whose personnel shifts between 
survey dates bounding 2 non-consecutive periods : 


t , t „ _ ,25('P + "P + '"P + ^P) 

kp — kp .5 ('v + ,ri — f ) T 


e.g., if 'T = 1900 a.d., "T = 1910, "'T = 1930, 
then '>T = (1935 - 1905) = 30 years 

,25(T + "P + '"P + /r P) 

,6C rV+t't—n—t) ('*— 


''k F ±= -'"kp = 


(Eq. 21a) 
and 'T = 1940, 

(Eq. 21b) 


(When the 2 periods are consecutive, dates "\ and '"| become identical, 

"I S W|) 

"kam = — 'kam = (Eq. 21c) 


When the population is constant, P replaces the average P (which is 
the numerator above). 

For the k in acceleration, replace the numerator of k P by 1 ; for the k in 
velocity, replace the numerator in kM m by 1 ; in change "k = 1 and 'k = — 1. 

(Eq. 22) 

The computation of this standard error and its interpretation in special cases 
can be made clearer by arranging the terms in a square matrix as follows : 


= matrix whose 
sum is 
(Eq. 23) 


To get cti, write the computed values of the kcrP -1 term for the appropriate 
index (F, Mm, IT -2 , IT -1 , t I) and for the appropriate date of its determination 
as captions of rows and of columns, and write the appropriate com- 
puted PI value in each cell, noting that in the main diagonal cells the self- 
correlations (' * 'I = 1.0, etc.) are unities reducing that term to "P, (= T), 
the population on that survey date. Next in the empty parenthesis in each cell 
write the product of the three factors : (a) the column kcrP -1 term, times (b) 
the row koOP - " 1 term, times (c) the cell PI term. The sum of these products in the 
cell parentheses, t 2 in number, is cr 2 , and its square root is the standard error of 
the societal force, momentum, or index used. 
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Thus, for example, the standard error of a momentum, where the population 
may shift in personnel between the first and last survey, and where the index 
is a static one, is : 

0Mm - '(kLaO -2 ? -1 ) + "(k&n^P” 1 ) + 2' (kiUnO-P^ 1 ) "(kMmCrP -1 ) (' "P ' * "I) (Eq. 24) 

This, for a further, simpler, and familiar example of the standard error of a 
change (when population is constant so that 7 "P == T = "p == p) ? becomes: 

cr t 2 i = (V 2 + 'V 2 - 2'<r "c r ' * "DP' 1 (Eq. 24a) 

which is the usual sigma of a difference between the 2 means of an index deter- 
mined on each of 2 dates. 

For a non-shifting population, the standard error of a velocity is the standard 
error of a change divided by the period : 

'(IT' 1 ) = '(tJ)t'T- 1 (Eq. 25a) 

and for a momentum this is multiplied by P : 

'(Mm) = '(tJXt/T-DP (Eq. 25b) 

as 

t'T -1 P = kMm throughout Eq. 24 above (Eq. 25c) 

When the index is a percent, since this is a mean and the a above is the cr of 

the distribution and not of the mean, (%(100 — %))* 5 should replace the o' in 

the right-hand member of the equations above. 

The above formulae can be extended by writing appropriate k’s to give the 
standard error of a difference between two forces, between two momenta, be- 
tween two accelerations, between two velocities, or between two changes, so 
that the statistical significance of any observed difference can be calculated 
and the probability of its arising by chance as a sampling error may be read off 
as usual from a table of the normal probability integral. 


II. The case of dynamic indices 


All the formulae above are for indices (F, Mm, IT'*, IT -1 , t 'I) derived from 
a static index of the characteristic changing. For dynamic indices the formulae 
are much simpler. The standard error of the dynamic index is the standard 
error of change, namely: 

<j t'i = cr ta of the distribution/P* 5 = standard error of a mean change (Eq. 26) 


Dividing this by the period gives the standard error of the velocity, as in Eq. 25a, 
and multiplying this by the population gives the standard error of the momentum, 
as in Eq. 25b. The standard error of the acceleration (for a constant population) 
is that of a difference of two mean dynamic indices (paralleling Eq. 9a) divided 
by the period between middates of the two velocity-periods : 


(IT-*) = (P-I(t«r* + t"cr- - 2 t 'cr t- • t-D)' 5 - s( ' ,+ ^ <£* »> 


The standard error of the force derived from dynamic indices is this standard 
error of the acceleration multiplied by the constant P : 
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= <r (IT~ 2 )P 


standard error of a societal force based on dynamic indices and 
a constant population (Eq. 28) 


When the population shifts between the two periods, the formulae for the 
standard error of the acceleration and of a force based on mean dynamic in- 
dices of change is more complicated. To derive it, write a force as the time 
rate of change of the two momenta : 


F 

Let ,k 
Then F 


(^(PIT- 1 ) - t'CPIT- 1 )) - 5C ' V+ ^T' 1 (Eq. 29) 

_ /T -i „k = „T~ l • 5( ' t,+ #) T- X (Eq. 30a and b) 

; (kPI) + f/ (kPI) (Eq. 31) 


The usual process of deriving a standard error formula is to differentiate both 
sides of Eq. 31, treating k and P as constants, square, sum, and divide. These 
steps exactly parallel Eqs. 7 to 13 in Ref. 16 (but note misprint there in the date 
seript in Eqs. 3 and 5, where (4 — 3 — 2 + 1) should read (4 + 3 — 2 — 1) 
as in ( /v +" / -"-') here). The result is: 


a% = ,(ka 2 ) + „(k<7 2 ) + 2 / (k<r) „(k<7) , „P , . „I, standard error of a societal force, 

based on dynamic mean indices 
and a shifting population 

(Eq. 32) 

, „P denotes that part of the population which is identical in both periods. 

In all the standard error formulae above, it is assumed that the conditions 
of random sampling hold. The interpretation of these standard errors is, as 
usual, in probability terms where, if an index is more than three times its stand- 
ard error, it is conventionally considered reliable, as it would occur by chance 
once in a thousand times ; if the index is four times its sigma, the chance element 
is thirty-two in a million ; if five times, three in ten million ; if six times, one in a 
billion. 

11 . Before concluding the exploration of this chapter into the compounds of 
acceleration, it may be worth-while to consider carrying the compounding of 
time, indicators, people, and space still further, as Physics does, to develop 
useful concepts of societal “work,” “energy,” “power,” “pressure,” etc. As 
yet no quantitatively recorded situations in the literature of the social sciences 
have been found which require such compounds to describe them. The policy 
throughout this volume is to contribute to the building of a systematic science 
of Sociology by induction from observed facts, not from armchair speculation. 
The 1500 graphs are the factual base thus far. Every concept, every formula 
proposed, represents some facts ; and every fact (i.e., every graph) is described 
and classified by these concepts. No concepts or formulae have been invented 
for which no corresponding facts were found ; permutations and combinations 
of the sixteen basic concepts will be developed as far as needed to cover all the 
facts. “Force” and “control” are factually based inductions as evidenced by 
the 41 situations appended to this chapter. With further research, the com- 
pounds of “work,” “energy,” “power,” “pressure,” etc., of Physics, may prove 
useful and factually based. But since no situations corresponding to their 



Ch. XI] 


NOTES 


827 


formulae have been found, fuller discussion of such societal concepts is refrained 
from, and attention is merely called to their formulae as a field for further re- 
search. 

A force accomplishing a societal change may be called “societal energy” and 
may be defined as the product of the force and the change : 

FI = (T~ 2 IP)I = En = Energy (Eq. 34, Ch. XI) 

This is the product of the population and the square of its velocity of change. 
If this changing is thought of as finished, i.e., in the past tense, it may be called 
societal work done. If it is a current change, it may be called kinetic energy ; 
while if it is thought of as possible in the future, it may be called potential en- 
ergy. (Note that, since the change correlates perfectly with itself, the arith- 
metic product above is identical with the scalar product, and the quantic num- 
ber is 8 ;2 ;0 ;1.) 

Power is the time rate of doing work : 

En T -1 = T~ 3 I +2 P +1 = Pw = Power (Eq. 35, Ch. XI) 

| 8 = 7 ; 2 ; 0;1 




PART VI 

THE SYNTHESIS OF SECTORS, S 

studying situations defined by S — \{T ;I;L;P)‘, 




Chapter XII 

APPRAISAL OF S-THEORY, S v 

I. SCIENCE AS UNDERSTANDING, PREDICTING, AND 

CONTROLLING PHENOMENA 

The detailed exposition of S-theory has been completed in 
the preceding ten chapters. The variations, permutations, 
and combinations of its sixteen chief concepts (the four sec- 
tors, the four scripts, and the eight essential operators— 
T I L P ' ± X j v ) have been systematically explored, and 

the degree to which these combinations describe societal situa- 
tions and provide reliable and precise sociological concepts has 
been exposed. In conclusion an appraisal of S-theory as a contri- 
bution to the science of Sociology will be offered. This appraisal 
is, of course, tentative, both because it is made by the author 
who is not an impartial judge of his own creation and because it 
is made too early. For a mature appraisal of its contribution, its 
use or non-use by sociologists, in whole or in parts, over a long 
period is required. 

To appraise this system, the function of science must be re- 
called. The postulate here is that the function of science is to aid 
man in understanding, predicting, and controlling phenomena. 
Understanding, predicting, and controlling are components of the 
process of adjusting. Science is the most effective cultural technic 
for adjusting in our physical and social environment that man 
has yet developed, and whatever is believed by men to be a satis- 
factory adjustment is for those men at that time the s ummum 
bonum of life. A “satisfactory adjustment” is a statement, in 
psycho-biological language, which can include formulations in 
other languages, of the purpose of human life. Thus, in the theo- 
logical view that “the chief end of man is to glorify God,” the 
“satisfactory adjustment” is conceived as an adjustment towards 
whatever represents God in that believer’s psychic and physical 
environment. A satisfactory adjustment may be conceived in 
philosophic terms as the quest for truth, beauty, and goodness. 

831 
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In the utilitarian view that the summum bonum is “the greatest 
happiness of the greatest number,” a more perfect democracy 
would be a more satisfactory adjustment. Fascism, communism, 
and other ideological systems of supreme values, can be trans- 
lated as satisfactory adjustments to their adherents. Men will 
doubtless continue to differ as to the purpose of life, the summum 
bonum, and a consensus from human experience may or may not 
be in process, but there is almost world-wide agreement that 
science is one outstanding means towards whatever ends human- 
ity desires. It is one means among others for achieving whatever 
man desires, including unethical as well as ethical desires. Science 
is a tool, not an end in itself. Thus, scientific theories such as 
S-theory are seen as attempts to help forge better tools for hu- 
manity to use. 

The excellence of the tool, science, is testable by the excellence 
of the understanding, prediction, and control of phenomena which 
it gives to man. The contribution of S-theory to each of these 
three functions will be discussed in turn. 

II. CONTRIBUTION OF S-THEORY TOWARDS 
UNDERSTANDING PHENOMENA 

We take the view that understanding phenomena consists in 
the conceptual organizing of sense perceptions, or in behavioristic 
language, the hierarchical organizing of responses to stimuli. If 
some phenomenon seems consistent with our current conceptual 
organization of sense perceptions we say, “We understand it.” 
If the phenomenon is inconsistent with such a conceptual system, 
we respond to it without understanding it. Our knowledge derives 
from sense perceptions. Seeing relations between these organizes 
them into some sort of a system. Among the simplest relations 
are those of similarity which yield concepts, i.e., generalized per- 
cepts. “A man” is a concept, generalized from many perceptions 
of particular men. “Time” is a concept generalized from par- 
ticular experiences of intervals between events and from amounts 
of activity which may initially be the internal physiological 
activity of heart, lungs, and other organs, but becomes objective 
by means of clocks and other instrumental readings. An “indica- 
tor” is an explicit generalization of every record of a qualitative 
or a quantitative characteristic, i.e., item of knowledge, other 
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than time, space, and. population. A first step in understanding 
phenomena is to construct concepts generalizing our percepts of 
phenomena of one kind, or class, and increasingly to construct 
concepts with operational definitions to improve their standard- 
ization. 

A . The Contribution of S-concepts in Understanding Society 

The concepts defined in this volume and represented by the 
sixteen basic symbols (T I L P l|i : :: • ' ± x f) and their deriva- 
tives are claimed to be: (a) objective, (b) precise, (c) parsi- 
monious, and yet (d) comprehensive. 

1. Objectivity of S-concepts 

Their objectivity has been experimentally measured by the 
93%, 97%, and 99% of agreement between independent analysts 
using them in controlled experiments as described in Chapter II. 
Has any other system of sociological concepts been subjected to 
similar scientific testing? There remains, however, the challenge 
to develop concepts whose objectivity approaches 100% still 
more closely. Hereafter any system of concepts which is offered 
without experimental testing of their objectivity should be re- 
garded by sociologists as scientifically deficient. Psychologists 
have come to regard the publication of a new scale without deter- 
mination of its reliability as an incomplete job, falling short of 
scientific standards. Chemists must know the degree of purity 
of their reagents, physicists must know the degree of precision 
of their ins truments. Sociologists, if they wish to be scientists 
and not literateurs, should no longer naively ignore the inaccuracy 
of their conceptual tools when technics for determining such 
accuracy have been developed and demonstrated. In experi- 
mentally demonstrating the objectivity of S-theory, it is claimed 
that the conceptual tools of sociology have been improved, thiB 
contributing to the understanding of the phenomena which these 

concepts summarize. 

✓ 

2. Precision of S-concepts 

It is submitted, secondly, that the concepts of S-theory have a 
high degree of precision in their definition. They are defined by 
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equations of mathematically combined symbols. These symbols 
for the most part represent quantitative or quantifiable phe- 
nomena. Even the remainder that seem intrinsically qualitative 
are precisely dealt with in the operational formulae defining 
them. The list of the five hundred odd equations of this volume 
constitutes a fist of the precisely defined concepts of S-theory. 

In contributing increased precision to societal data, the use of 
algebraic symbols is important. They strip the words naming 
current concepts of their subjective and emotional connotations, 
leaving the essential agreed-upon denotation of the concept. The 
mathematical and logical rules for manipulating algebraic sym- 
bols are more precise, and therefore, distinguish between truth 
and falsehood more exactly than the grammatical rules for manip- 
ulating words in sentences. 2 

3. Parsimony of S-concepts 

Thirdly, the concepts here offered are believed to be a parsi- 
monious set. No compounded concepts have been introduced 
unless situations requiring them were discoverable. The com- 
pounded concepts are special cases or combinations of sixteen 
basic concepts — time, space, people, characteristics, the exponent, 
class, class-interval, case, aggregation, cross-classification, correla- 
tion, identification, addition, subtraction, multiplication and 
division i(T;I;L;P)i ; = dt X /). The four arithmetic 

operations of addition, subtraction, multiplication, and division 
are common to any scientific system and not peculiar to S-theory. 
The other operational symbols, _ ? (see Glossary of Symbols of 
S-theory, Appendix I) are convenient but dispensable. With the 
possible addition of the subindicator of desiderata, the sixteen 
concepts above are the essential base of our system. 3 

4. Comprehensiveness of S-concepts 

The fourth claim for the concepts of S-theory is that they are a 
comprehensive set. As evidence for this claim two comparisons 
may be made — with Eubank’s fist of 332 current concepts and 
with the fist of 61 recommended as basic by the Committee on 
the Introductory Course in Sociology (Ref. 10). Eubanks 
“Selected Catalog of Terms Used as Concepts of Sociology as 
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Found in the Literature of Sociological Theory” in his book on 
the Concepts of Sociology (Ref. 25, pp. 39-43) has been roughly 
translated into S-theory concepts. Out of the 332 terms only 44 
(13%) c ann ot be expressed in S-terms — terms such as “cona- 
tion,” “consciousness,” “discussion,” “mind,” “objectifica- 
tion,” “positivism,” “reality,” “ societology,” “subjectification,” 
“thought,” “will,” etc. 78 terms are precisely redefined by 
S-equations (23%). The remaining 210 terms can be expressed 
in S-theory concepts to the extent that indicators, better than 
mere names, can be found to represent their meaning (i.e., as 
far as indicators such as a scale, list of acts, or other objective 
operational ways can be devised to define such concepts as “atti- 
tudes,” “achievement,” “attraction,” “compliance,” “estrange- 
ment,” “intimacy,” “mores,” “prejudice,” “repulsion,” 
“status,” “unrest,” at least as used in specified situations or 
under stated conditions) . In short S-theory can express 87% of 
the list of ter ms with an adequacy which depends not on S-theory 
but on the adequacy of existing objective technics of dete rmin ing 

that which those terms denote. 

A second set of evidence of the comprehensiveness of the con- 
cepts of S-theory is a comparison with the list of 61 terms recom- 
mended by a committee of the American Sociological Society as 
standard content for the introductory college course in Sociology. 
The list is reproduced here with an indication of their equivalents 

in S-theory : 


accommodation 

adaptation 

adjustment 

amalgamation 

assimilation 

association 


attitude 


behavior 

pattern 


Eq. 30, Ch. X 
Eq. 93c, Ch. X 
Eq. 93c, Ch. X 
Eqs. 6a and 26, Ch. X 
Eq. 26, Ch. X, also 
Eq. 96, Ch. X 
Eq. 6a, Ch. X, also 
dissociation Eq. 
66, Ch. X ; Eq. 8, 
Ch. IV 

Eq. 39, Ch. X; see 
S. 12, Ch. II; 
S. 11, Ch. Ill; 
S. 1, 2, 8, 14, 
Ch. Y 

Eq. 27b, Ch. X 


caste 

collective be- 
havior 
community 
communication 
competition 
conditioned 
response 
conflict 
contact 

co-operation 

crowd 

cultural change 
cultural lag 
culture 


Eq. 4, Ch. IV ; Eq. 

100, Ch. X 
P p : (IT -1 )! 

Eq. 16, Ch. VII 
Eq. 12, Ch. X * 

Eq. 47a, Ch. X 
Eq. 25, Ch. X * 

Eq. 10, Ch. X 
Eqs. 12, 13, 14, Ch. 

vn 

Eq. 32, Ch. X 
Eq. 10b, Ch. X 
Eq. 27, Ch. X 
Eq. 63, Ch. X 
Eq. 13, Ch. HI 
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culture area 
culture complex 

culture pattern 

culture trait 

custom 

diffusion 


See S. 1, Ch. VIII 
Eq. 13, Ch. Ill, also 
Eq. 15, Ch. IX 
Eq. 13, Ch. Ill, also 
Eq. 15, Ch. IX 
Eq. 13, Ch. Ill, also 
Eq. 15, Ch. IX 
Eq. 15, Ch. IX 
Eq. 78, Ch.X(“ mo- 
mentum”), also 


leadership 

mores 

personality 

primary group 
progress 

race 


Eqs. 8, 9, Ch. VII 
Eqs. 26, 34, Ch. IV ; 

Eq. 33, Ch. X 
Eq. 27, Ch. X *; Eq. 

13, Ch. Ill 
Eq. 4, Ch. VII * 

Eq. 34, Ch. X ; Eq. 

27, Ch. V 
Eq. 3, Ch. IV*; 
II C, Ch. IV 



Eq. 67cl 

secondary group Eq. 4, Ch. VII * 

disorganization 

Eq. 102, Ch. X ; Eq. 

society 

Eq. 4, Ch. VII 


26, Ch. IV 

social class 

Eq. 3, Ch. IV 

ethno centrism 

P p : S *= data cor- 

social control 

Eq. 16, Ch. XI 


responding to ra- 

social distance 

Eq. 4, Ch. VII*; 


cial plurels 


see S. 12, Ch. II 

folkways 

Eq. 15, Ch. IX 

social or psy- 

Eq. 62, Ch. X * ; also 

geographic de- 

See S. 10, 12, 16, 17, 

chological or 

see S. 1, 2, 4, 17, 

terminism 

18, 19, 21, 22, 

cultural en- 

21, 22, Ch. VIII 


Ch. VIII 

viron 


geographic or 

See formulae for S. 6, 

social evolution 

Eq. 97, Ch. X 

physical or 

10, 12, 13, 18, 21, 

social heritage 

Eq. 14, Ch. VII*; 

natural en- 

22, Ch. VIII 


Eq. 58b, Ch. X; 

vironment 



Eq. 87, Ch. X 

group 

Eq. 4, Ch. VII; Eq. 

social interac- 

Eq. 12, Ch. X ; Eqs. 


10c, Ch. VIII; 

tion 

1, Ch. VII 


Eq. Id, Ch. IV 

social organiza- 

Eq. 102, Ch. X;Eqs. 

human nature 

Eq. 13, Ch. Ill ; Eq. 

tion 

3, 4, Ch. IV 


27, Ch. X * 

social process 

Eq. 2, Ch. X 

imitation 

Eqs. 80, 81, 82, 83, 

socialization 

Eq. 93, Ch. X 


84, 85, 86, Ch. X 

status 

Eq. 26, Ch. V 

instinct 

Eq. 37, Ch. X * 

stratification 

Eq. 100, Ch. X 

institution 

Eq. 13, Ch. Ill; see 

values 

Eqs. 27, 33, Ch. X ; 


S. 4, Ch. Ill 


Eqs. 25, 34, 49, 

invention 

Eq. 25a, Ch. X 


Ch. V 

isolation 

Eqs. 10, 11, Ch. VII 




The 15 starred terms, or about 25% of this list, can be expressed, 
but not advantageously, in S-terms by suitable defining of indica- 
tors and scripts, while the remaining 75% have clear-cut formulae 
redefining them more precisely than hitherto. Three quarters of 
the list recommended as a standard set of sociological concepts 
have their definitions or descriptions 4 improved in objectivity, 
precision, and measurability by the S-theory ! 

In addition, the following 120 terms of limited but increasing 
currency in the sociological literature are defined or have their 
form specified by S-equations : 
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abnormality 

Eq. 26, Ch. V 

acceleration of 

Eqs. 4, 6, Ch. IX 

change 

adequacy of 

Eq. 21a, Ch. Ill 

sampling 

amelioration 

Eq. 29, Ch. V ; Eq. 
66b, Ch. X 

attracting 

Eq. 9, Ch. X 

attribute 

Eq. 18, Ch. II ; Eqs. 
3-8, Ch. Ill 

behavior 

Eq. 32, Ch. Y ; Eq. 
29, Ch. X 

cardinal 

Eq. 16, Ch. Ill 

cases 

Eqs. 33-37, Ch. II ; 
Eq. 12, Ch. IV 

causation 

Eq. 15, Ch. XI 

change 

Eq. 5a, Ch. X 

class 

Eqs. 23-26, Ch. II 

class-interval 

Eq. 27, Ch. II 

classification 

Eq. 40, Ch. II ; Eq. 
3, Ch. IV 

coercing 

Eq. 40a, Ch. X 

commercializing Eq. 98, Ch. X 

communality 

Eq. 45, Ch. VI 

components 

II A, B, Ch. VI ; Eqs. 
20-22, Ch. VI 

contingency 

Eqs. 49-51 of S. 11, 
Ch. VI 

correlation 

Eqs. 1-5, Ch. VI; 
S. 1-24, Ch. VI 

cosine 

Eq. 30, Ch. Ill 

cross- 

Eq. 45, Ch. II 

classification 

cycle 

Eq. 3, Ch. XT 

dates 

Eqs. lb, 2f , 3d, Ch. IX 

density 

Eq. 7, Ch. VIII; 
Eq. 3, Ch. n 

desiderata 

Eq. 51, Ch. V 

desire 

Eq. 35, Ch. V 

determination, 

Eq. 34, Ch. II 

coefficient 

deviation 

Eq. 24d, Ch. Ill 

differentiation 

Eq. 14, Ch. HI 

dimension, 

Eq. 52, Ch. II ; Eqs. 

societal 

35, 37, Ch. HI; 
Eq. 18, Ch. IV 

dispersing 

Eq. 45a, Ch. X 

distribution 

Eqs. 1-5, Ch. V 

durating 

Eq. 71, Ch. X 

dynamic 

Eq. 3, Ch. IX 


economic 

Eq. 23a. Ch. X 

process 

elements 

Eqs. 13-19. Ch. VI 

energy 

Eq. 17, Ch. XI 

equalitarian 

Eq. 16, Ch. VII 

equalizing 

Eq. 45b, Ch. X ; Eq. 
28, Ch. V 

error 

Eqs. 45-48, Ch. VI 

evolving 

Eq. 97, Ch. X 

exploiting 

Eq. 96, Ch. X 

exponent 

Eq. 1. Ch. II 

force, societal 

Eq. 7, Ch. XI 

heredity 

Eq. 58b, Ch. X 

hierarchy 

Eqs. 40, 41, Ch. II; 
Eq. 13, Ch. Ill 

identification 

Eqs. 48, 49. Ch. II 

imitation 

Eqs. 80-80, Ch. X 

index 

Eqs. 10, 12. Ch. Ill 

indicators 

Eqs. 3, 9, 12, Ch. Ill 

individualizing 

Eq. 92, Ch. X 

integrating 

Eq. 102. Ch. X 

interaction 

Eq. 12, Ch. X 

interrelation 

Eq. 14, Ch. VII 

kinship terms 

Eq. 14, Ch. IV 

larithroics 

Eq. 9, Ch. X * 

lead and lag 

Eq. 62, Ch. X 

leadership 

Eq. 89, Ch. VII 

liberating 

Eq. 40b, Ch. X 

limits 

Eq. 20, Ch. EH; 
Eq. 35, Ch. II 

maps 

Eq. 3, Ch. VIII 

matrix 

Eq. 19, Ch. Ill 

mean 

Eq. 8, Ch. V ; Eq. 12, 
Ch. V 

migrating 

Eq. 22a, Ch. X 

mobility, gross 

Eqs. 13and 14, Ch.X 

and net 

moments (sta- 

Eqs. 7-11, Ch. V 

tistical) 

momentum 

Eq. 78, Ch. X 

monopoly 

Eqs. 19 and 20, Ch. 
V; Eq. 49, Ch. X 

normal prob- 

Eq. 15, Ch. V 

ability 

normality 

Eq. 10 ; Ch. VI ; Eqs. 
14 and 26, Ch. V 

observation 

Eqs. 21 and 22 , Ch. 

error 

ni 

operators 

Eq. 50, Ch. II 

opposing 

Eq. 95, Ch. X 
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ordinal 

origin 

percent 

periods 

persecuting 

persons 


Eq. 16, Ch. Ill 
Eq. 20e, Ch. Ill 
Eq. 17, Ch. Ill 
Eq. 29, Ch. II 
Eq. 99, Ch. X 
Eq. 37, Ch. II 


situation 

skewing 

social distance 
margin 

social problem 
stability 


Eq. 50, Ch. II 
Eq. 10, Ch. V ; Eq. 

66, Ch. X 
Eq. 6, Ch. VII 

Eq. 26, Ch. V 
Eq. 58, Ch. X 


J. 

populating 

Eq. 9, Ch. X 

standard devia- 

Eqs. 9 and 18, Ch. V 

population 

Eq. 12, Ch. IX 

tion 

Eq. 56, Ch. VI ; Eqs. 

pyramid 


standard error 

power 

Eq. 18, Ch. XI 


13, 16, 18, Ch. V 

probability 

Eqs. 7-9, Ch. VI 

static 

Eq. 3, Ch. IX 

profiting 

Eq. 24, Ch. X 

subclassification 

Eqs. 39-43, Ch. II 

proselytizing 

Eq. 92a, Ch. X 

subnormal 

Eq. 26b, Ch. V 

quantic 

Eq. 21, Ch. II 

tension 

Eq. 35, Ch. X ; Eqs. 

range 

Eq. 30, Ch. V ; Eq. 


34, 36, Ch. V 

92, Ch. VI 

time series 

Eq. 43, Ch. II 

ranks 

Eq. 18, Ch. Ill 

tolerating 

Eq. 92, Ch. X 

reliability 

Eq. 64, Ch. X ; Eqs. 

trend 

Eq. 2, Ch. XI 

21 and 22, Ch. Ill 

types 

II B 5, and Eq. 100, 

remapping 

Eq. 69, Ch. X 


Ch. VI 

representative 

Eq. 23d, Ch. Ill 

unifying 

Eq. 90, Ch. X 

sampling 


validity 

Eq. 23, Ch. Ill 

revolution 

Eq. 5, Ch. XI 

valuating 

Eq. 30, Ch. X 

rural-urban 

Eq. 9, Ch. VIII 

variance 

Eq. 9, Ch. V 

sampling error 

Eq. 14, Ch. IX ; 
Eq. 21, Ch. Ill; 

variating 

Eq. 21c, Ch. V ; Eq. 
94, Ch. X 


Eq. 16, Ch. V; 

vectors 

Eqs. 26-31, Ch. Ill 


Eqs. 1-17, Ch. XI, 

velocity of 

Eq. 5d, Ch. X ;Eqs. 3 


Appendix III 

change 

and 5, Ch. IX 


sequence 


Eq. 1, Ch. X 


The 46 ter ms from the Committee’s list and these 120 addi- 
tional terms make up a body of some 166 compounded terms. 
Another four hundred more technical terms 5 of less frequent 
occurrence are also defined or specified by the S-formula in the 
equations of this volume. This list of more than five hundred 
and fifty terms in all, evidences the comprehensiveness of the 
twelve constituent distinctive concepts of S-theory together with 
their combinations. 

Comprehensiveness, however, is but one of the four properties 
of concepts, along with objectivity, precision, and parsimony, all 
of which, according to our argument, tend to increase ' human 
understanding of phenomena. 
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B. The Contribution of the S-system in Understanding Society 

Understanding phenomena consists further, in the view as 
stated above, of the organizing of concepts derived from percepts, 
i.e., in arranging knowledge into a consistent system. 

1. The Qijantic System 

What is the contribution of S-theory towards organizing socio- 
logical concepts into a consistent system? Here is where the 
theory makes perhaps its most significant contribution towards 
building up a science of Sociology, for S-theory provides in a 
single mathematical formula a system of which attributes and 
variables, qualitative and quantitative occurrences, probabilities, 
distributions, correlations and stimulus-response interrelations, 
time trends of change and societal forces, in short, time, space, 
people, and their characteristics are all articulated parts. All the 
concepts of prediction and probability and of sociological con- 
cepts of content, listed above, are integrated in a consistent, 
closely unified system, which is specified by the S-theory equa- 
tion, S = !f(T;I;L;P)i. Every one of the hundreds of concepts 
defined by a formula in this volume can be shown to be a special 
case, a particular permutation and combination of that general 
formula. Is there any other system of Sociology that can claim 
as much? Is there any sociological treatise or textbook that can 
show that its chapters and the topics treated are derivatives of 
one formula, or are such logically necessary parts of one system 
that by recombining their basic concepts systematically, or even 
in random ways, these new combinations yield the topics treated? 

Towards the aim of science to bring order out of chaos, to 
systematize our universe, the claim is made here, for sociologists 
to judge, that S-theory, whatever else its inadequacies may be, 
does develop such a system for the sociological segment of knowl- 
edge better than any other sociological system offered to date. 

2. The Paralleling Geometric System 

The function of S-theory in systematizing societal phenomena 
is particularly evident in connection with correlation in its geo- 
metric interpretation. With the correlation coefficient between 
any two indices determining the angle between their vectors, 
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and with all quantitative phenomena representable by a sheaf of 
such vectors in n-dimensional space, a geometric model can be 
made for all quantitative societal data (see S. 35, Ch. II). This 
model visualizes the dimensions of society. This model, extended 
as in topology where angles and lines are not yet measured, can 
in clude qualitative phenomena as points in n-space, but points 
between which distances and directions are mostly undetermined 
as yet. The internal consistency of the system which is S-theory 
can then be tested by the rigorous reasoning of geometry. 

The geometric system may be summarized as a hierarchy of 
entities in n-dimensional space. As described in the diagram at 
the end of the text of Chapter II this hierarchy may be presented 
in either geometric or sociological terms. Geometrically, space is 
subdivisible into observed subspaces called “ situations/' which 
are subdivisible into four sectors, defined by vectors and their 
normals, and these are further subdivisible into sects and points. 
Sociologically, society is observed in samples called situations, 
which are analyzable into indices of four general kinds, which 
can be operationally related to each other and which are sub- 
divisible into quantitative units or points. Symbolically in S- 
notation, any S is a combination of four kinds of indices (I') 
with a specified number of each kind, | a , and specified exponents, 
I 8 , with specified class-intervals, s |, and points, 8 |. In this hierarchy 
the situation is the gross sociological unit, the index is the simplest 
qualitatively distinguishable constituent unit, and the class- 
interval is the quantitative unit within the index. All these are 
specifiable entities. The term u dimension” is a convenient name 
for the indices including the denotation of both the class script 
and the exponent. Popularly it connotes a measurable or quanti- 
tative entity; algebraically it connotes the exponent, | s ; geo- 
metrically it connotes vectors, | s . The dimension is perhaps the 
fundamental concept in S-theory, though in practice it is more 
conveniently analyzed into observed indices and their relations 
separately. Those relations are as denoted by the exponent which 
expresses the degree of similarity of indices (as I 2 ), or puts one 
into terms of another (as T“ 1,— 2 ) or combines them in some form 
of multiplicative product (as P 2 , L 2 , I 2 ). The number of dimen- 
sions in a recorded societal situation is the total number of quali- 
tatively distinguished entities in it. The concept of a dimension 
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includes a kind of something, an amount of it (including unity 
and zero), and relations to other dimensions. Visually, dimensions 
are lines (including the special case of merely two points; of 
certain lengths and with certain angles between them. 

The systematization which S-theory provides can also be vis- 
ualized in S. 33, Ch. II, the quantic solid. Here is diagramed 
the quantic classification of all quantitatively recorded societal 
situations. According as the exponents vary in each of the four 
sectors, representing the operational thoroughness of observing 
time, space, people, and their characteristics, every situation 
(specified as a particular observed unit-combination of indices 
from these sectors with their exponents) is classified by its quantic 
number into one of some 81 most frequently occurring cells in 
this quantic scheme. The reliability of this classifying of situa- 
tions has been experimentally demonstrated to be 97% of agree- 
ment between two independent analysts in one experiment, 99% 
in another experiment, and 98.5% on repetition after a month 
by one analyst. 

This clear-cut classifying of societal situations, of observed 
portions of the life of human society, by their quantic numbers is 
believed to be a unique contribution of S-theory among system- 
atizing theories in the social sciences. Its full significance cannot 
be appraised so early. Like Mendeleev’s classification of the 
atomic elements in Chemistry into the periodic table, the attend- 
ant properties of each class and family of classes may cumula- 
tively be discovered and developed with the research of decades, 
so that the utility of the classification may become far greater 
than its bare neatness gives promise of at first. The classification 
does not follow conventional thoughtways and will consequently 
seem to lack “ meaning” to many sociologists and social scien- 
tists. This is as inevitable as Mendeleev’s classification basing 
itself on properties of weight and valence which proved to be 
more fundamental than the previously familiar color, smell, 
medicinal uses, etc. of his chemical elements. But in proportion 
to the objectivity, the precision, the parsimony, and compre- 
hensiveness of the concepts of the classification, it may be ex- 
pected to be used increasingly by the on-coming generation of 
sociologists, for whom its “meaning” will be the associations 
acquired through using it in various ways. 
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3. Hypotheses in the System 

It -is, of course, to be expected that this system will not con- 
tinue as formulated in this volume. It should grow and develop 
and perhaps change almost unrecognizably if it is a good theory. 
Or again, parts of it may prove useful while the rest may be for- 
gotten. Thus, in the system of hypotheses that make up S-theory 
some few hypotheses may prove to have more enduring utility 
than others, such as, possibly: 

1. the hypothesis of sectors — Ch. II, IB 

2. the hypothesis of societal vectors — Ch. Ill, VI, and Ch. VI 

3. the hypothesis of the quantic classification — Ch. II, ICl 

4. the hypothesis of attributes expressible as 1° — Ch. Ill, 
II A, B 

5. the hypothesis of precision of measurement — Ch. Ill, IVB 

6. the hypothesis of a natural range of 12.5cr — Ch. V, IID 

7. the tension hypothesis in the tension theory — Ch. V, HE 
and Ch. X, IIB2 

8. the hypothesis of epsilon elements — Ch. V, IF1, Ch. VI, 
IIC 

9. the hypothesis of a group and of a community — Ch. VII, 
I and IIID2 

10. the hypotheses of societal processes — Ch. X 

11. the hypothesis of societal force — Ch. XI, II 

12. the hypothesis of societal control — Ch. XI, III. 

It is possible that the notation : (a) of the indicator with a zero 
exponent bringing qualitative data within mathematical rules; 
(b) of the descripts ; and (c) of the colon denoting orderly aggre- 
gation, such as in any classification, may prove to have outstand- 
ing utility. 

These hypotheses develop the concepts of S-theory and relate 
them together systematically, towards increasing our under- 
standing of societal phenomena. 

C. Limitations of S-theory in Understanding Society 

Among the many limitations of S-theory which the student 
may note, the following are apparent to the author and are fisted 
here in summary: 

1. In its content the theory is limited (a) to records of societal 
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phenomena, (b) These, for the most part, must be in quantita- 
tive or at least itemized form, since the extent to which the S- 
theory covers qualitative non-itemized data is not fully explored 
as yet. (c) The boundary of such data includes all the social 
sciences and does not mark off as peculiar a field to Sociolog}-, as 
many sociologists would like to see delimited, (d) The theory 
has not yet been extended (by developing appropriate indicators) 

into each of the social sciences in a systematic way, though this 
seems feasible. 

2. In its form, the S-formulae are (a) descriptive more than 
calculative. They describe the form of the societal situations 
analyzed and usually do not enable the calculation of unknown 
variables in the situation. The S-formulae serve (b) to classify 
societal phenomena more than to reveal their functioning. 

3. The reliability of the theory has only been tested by a few 
experiments and these show unreliability of 1 to 3% for the 
quantic formula and of 7% for the full descriptive S-formula. 

4. The validity of the theory has only been tested by three 
analysts on a sample of 1500 situations, all of which it fitted 
without exception. On a larger sample of societal situations an 
exception, not analyzable into an S-formula, might be discovered. 

5. In the presentation of S-theory in this volume there are many 
deficiencies, among which are : 

a. Many formulae lack rigorous derivations (e.g., P 2 denoting 
interrelation of parties); and the standard errors of most 
newly proposed indices have not yet been derived. 

b. Many of the hypotheses proposed are so briefly discussed as 
to be inadequately explored here. 

c. Overclaims have doubtless been made or implied partly be- 
cause the limiting qualifications of many formulae and 
hypotheses here have not yet been determined. (E.g., 
perhaps the derivation of all economic data from the inter- 
relation matrix; and perhaps the claim that all qualitative 
itemized characteristics can be represented by I°.) 

d. The algebraic symbolism of S-theory is too detailed for 
many readers, or, alternatively, their interest and skill in 
reading these formulae have not been successfully developed 
in the early exposition of the symbols. 
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e. A logical rather than a psychological plan was chosen for 
the chapters and sections of this book. The S-formula was 
systematically explored with consequent dryness probably 
to the reader rather than picking out its interesting applica- 
tions and ignoring the rest. The aim was to contribute to 
the understanding of the professional social scientist rather 
than to popular understanding at first. 

111. CONTRIBUTION OF S-THEORY TOWARDS PREDICTING 

PHENOMENA 

A. Classes of Predictions 

Prediction is foretelling future situations . 6 * Predictions may 
be cla ssifi ed either on the basis of the time factor as static or 
dynamic, or on the basis of the participation of the predicter as 
participant or observant predictions. 

1. Participant Prediction 

Observant prediction is the rule in sciences other than the social 
sciences, but participant prediction becomes important in the 
social sciences, for here the prediction may be an intention, a 
statement of purpose, which the party predicting then works to 
make come true, and which without his effort might not be real- 
ized. The predictor’s knowledge and desire and consequent be- 
havior may be a cause of the predicted effect. Participant predic- 
tion is internal, purposeful ; while observant prediction is external 
and may, or may not, involve purpose, depending on whether any 
people’s desires are causes of the predicted situation. The former 
is predicting by intent, the latter by portent. Both are based on 
probability. Both can be behavioristically observed without 
mystic telic subjectivity. Thus, an insurance company may deter- 
mine the probabilities of longevity of persons of given ages and 
amounts of overweight. If those persons learn that their over- 
weight tends to reduce their chances of a desired long and healthy 
life, they may tend to correct their fatness and so alter the predic- 
tion of their longevity. This simply means that new actuarial 
data must be secured determining the new probabilities for people 
who know how to, and desire to, modify the former prediction 
which held only on the condition of their ignorance or apathy. 

* For Eq. 1, Ch. XII, see notes at end of chapter. 
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The probabilities for participant prediction may be different from 
the probabilities for observant prediction, but both can be actu- 
arially determined. Sometimes the participant prediction may be 
determinable with greater precision. Thus the accounts of a 
person, a family, a company, or a nation, are more accurately 
predictable if that party has adopted a budget and thus partici- 
pates in creating the predicted outcome. The modern growth of 
social planning by nations, communities, or other groups is a 
major trend towards more participant prediction . 7 Any publicly 
announced goal, if genuinely desired, may be a stimulus to effort, 
roughly in proportion to the distance (within limits) from its 
achievement. Thus, the adoption of a goal may be a major cause 
of its f ulfillm ent, and greatly increase the probability of that pre- 
diction. The fatalistic notion that prediction of human affairs is 
somehow impossible because “purpose” enters in, because the 
“personal equation is a factor,” because “an unpredictable telic 
element is involved,” should be replaced by the working hypoth- 
esis that human purposes are objectively observable by suitable 
indicators of speech and action, and that actuarial data can be 
collected, yielding progressively higher probabilities for such 
participant predictions. The issue is at bottom one of adequacy 
of factoring a situation as discussed in the preceding chapter in 
connection with the Gestalt theory. In participant predictions 
failure to observe indicators of the purposes (i.e., intensities of 
attitude) of any participants in the predicted situation is simply 
inadequate factoring of that situation, and the degree of inade- 
quacy is measured by the difference between the probability of 
the situation (as inadequately observed) coming true and perfect 
probability. Such deficits from perfect probability in its various 
forms from a ample ratio to joint probability, to normal prob- 
ability, to the alienation coefficient, etc., as sketched in Chap- 
ter VI on Correlation, have been systematically presented in 
S-theory terms as compounds, defined by operational formulae, 
of the sixteen basic 8 S-theory concepts. 

2. Static Prediction 

Predictions may also be classified on the same basis as the 
quantic classification and reviewed by following the chapters of 
this book. T his starts with predictions from static data, first 
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from indicators, then from plurels, then from distributions, corre- 
lations, interrelations, and densities, followed by dynamic pre- 
dictions from durations, velocities, and accelerations. 

As types of prediction from indicators alone, consider Chapin s 
tabulation of the levels of symbolic substitution, S. 1, Ch. XII. 
Each ascending level from the bottom “0 level” up to the “6th 
level” increases in generality. Under the conditions where any 
one of those observations were made there is a probability that 
similar events would recur, i.e., seeing an unemployed person 
again the next day, (0 level, 2nd column), etc. The probability 
increases with the symbolic generality until at the top level the 
equation asserts perfect probability, i.e., that for observed values 
of x and of the parameters a, b, and c there will certainly be one 
and but one value of y. The accuracy of prediction varies with 
the degree to which it is possible to substitute generalized symbols 
for myriads of particular cases. 

For prediction from plurels consider S. 2, Ch. XII, where the 
percent of defectives, expected and found, are presented for vari- 
ous combinations of normal and feebleminded parents and grand- 
parents. A prediction of expected percentages is made on the 
basis of Mendelian theory and checked against observed percent- 
ages to test the fit of this particular application of the theory. 
Prediction from percentages of persons in plurels is the simplest 
and most common form of the probability index, which was de- 
fined as the ratio of those parties with a characteristic to those 
with it plus those without it. (Eq. 7, Ch. VI.) 

Going on to prediction from the sum of simple probabilities 
every normal distribution illustrates this. A distribution curve 
must first be reliably determined. A shoe store, for example, 
knows the distribution of sizes of feet and orders more medium 
sizes and fewer extreme sizes in accordance with that curve of 
past experience. Every stocking-up in any store involves pre- 
dicting by estimating probabilities either simple, joint, or summed. 
Since a large number of biological, psychological, and cultural 
phenomena are normally distributed, the table of the normal 
probability integral is par excellence a predictive tool. 

Every time it is used, as in determining the significance of any 
index in relation to its standard error of sampling, an implicit 
prediction is being made, measured in probability terms. 
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. The next three (S. 3, 4, and 5, Ch. XII) illustrate pre- 

diction from correlation which is a joint summed probability as 
explained in Chapter VI. When a specified degree of correlation 
has been observed between two indices, then, ass umin g that the 
same conditions continue, a specified amo un t of one index pre- 
dicts specified amounts of the other with specified probability. 
The detailed mechanisms of such predictions are diagramed 
with formulae stated in the scattergram S. 1, Ch. VI, and S. 3 
and 5, Ch. XII; in the family of ellipses, S. 2, Ch. VI; in the array 
variances of S. 3, Ch. VI; in the correlation surface of S. 5, Ch. VI; 
in the overlapping areas of S. 6, Ch. VI; in the percentage of 
common elements of S. 7, Ch. VI; in the percentage blocks of 
S. 9, Ch. VI; in the probability whorl of S. 10, Ch. VI and S. 4, 
Ch. XII; in the cosines and sines of S. 12, Ch. VI; and in the 
teams of predicters and criteria of S. 22, Ch. VI. Thus in S. 4, 
Ch. XII the family of probability curves is a new technic, con- 
venient for lay interpretation of prediction probabilities. With 
these curves reflecting the past experience of that college, the 
administrator can read off for every Freshman with his known 
academic record the exact probability of his graduating with any 
specified rank standing in his class. The probability for an indi- 
vidual is, of course, the same as a percentage for the plurel. 9 

The regression equation and the standard error of estimate of a 
person’s characteristic, estimated from a second known and corre- 
lated characteristic, provide another powerful technic for pre- 
diction. This technic can be improved by the use of multiple 
and double multiple correlation (see S. 22, Ch. VI). The index of 
non-determination (Eq. 14, Ch. XI), as usual, measures the 
residual unpredictable part of the situation, thus gauging the 
ignorance of the researcher and challenging to further research. 

One powerful predictive application of correlation technics is 
in correlating indicators of speech with action, indicators of ver- 
bally expressed attitudes with behavior. Every one predicts the 
behavior of other people from their speech, from what they say 
or write, and how they do it, and most of daily human activity 
is regulated by such prediction. We plan our appointments and 
meetings, our transactions, in short our schedule, depending 
largely on what intentions others have expressed, or we have 
expressed to them. The enormous mass of such predictions which 
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come true is forgotten by any one who enlarges on the “unpre- 
dictability of h um an nature.” Formal contracts and treaties and 
published schedules and announcements predict future behavior 
by speech. If a rigorous count were made of every such instance 
in one’s daily life the hypothesis is ventured that well over 90% 
of speech predictions would come true (within limits of precision, 
of course, which would have to be specified). The small balance 
of unfulfill ed predictions holds our attention as problems (while 
habitual routines become unconscious) and creates the popular 
opinion that prediction of human behavior from speech is unreli- 
able. 

The degree of truth in this opinion, however, can be factually 
measured by correlation technics. By gathering data, under 
specified and varied conditions, the various degrees of correlation 
of verbal indicators and indicators of other behavior, in short, of 
correlation between words and deeds, can be scientifically meas- 
ured, and thereafter prediction of behavior, under similar condi- 
tions, can be made from speech with defined degrees of probability 
and reliability of that probability. (See S. 5, Ch. XII for such 
validating of a verbal attitude test with marital behavior.) 

Any implication in the paragraphs above that S-theory has 
made possible the predictions, such as reviewed there, is explicitly 
disclaimed here. Obviously those predictions were made and are 
being made without any aid from the S-theory. The contribution 
of S-theory, however, may lie in increasing their (a) precision, 
and (b) standardization. Predictions are ordinarily made intu- 
itively. Requiring explicit writing of them as in S-theory formulae 
with observed frequencies of occurrence and non-occurrence, or 
degrees of occurrence, greatly increases the precision of prediction. 
This yields a definite index of probability within definite limits of 
error. Secondly, the S-symbols increase standardization. They 
provide a single parsimonious set of symbols capable of expressing 
all statistical processes and formulae, and at the same time ex- 
pressing many of the conventional and some new sociological 
concepts. They thus integrate quantitative methodology with 
the content of Sociology — which have hitherto had little integra- 
tion. Sociologists have often known little of statistics, and statis- 
ticians have often known little of Sociology. But S-symbols pro- 
vide standard concepts integrating Sociology and Statistics. The 
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concepts of probability and its compounding are all shown to be 
combinations of S-concepts of the four sectors, the four scripts, 
and the simplest operators. 

3. Dynamic Prediction 

To continue the review of S-theory in connection with the pre- 
dictive function of science, consider next the examples S. 6, 7, 8, 
9, 10, il, 12, 13, 14, Ch. XII, involving durations, i.e., predict- 
ing as dependent on people’s ages and the human life cycle. The 
population pyramid, which S-theory reduces to a formula, pre- 
dicts longevity and survival (S. 7, Ch. IX), or marital status in the 
case of S. 6, Ch. XII. Mortality predicted by age and weight in 
S. 8, fertility predicted by age of parents in S. 9, earnings pre- 
dicted by age for poor people in S. 7, illustrate the range of S- 
theory formulae in describing diverse situations involving pre- 
diction. 

Proceeding with dynamic situations the projection of time 
series into the future, although attended by the pitfalls of chang- 
ing conditions, is nevertheless useful within limits. Thus, the 
velocity trends of institutionalized defectives in S. 18, Ch. XII 
predicts the need of facilities being developed to care for them in 
the near future. 

The estimates of the U. S. population growth in S. 19, Ch. XII 
illustrate the use of hypotheses expressed in exact equations, such 
as the Peed-Pearl logistic curve, as well as forecasts of trends 
synthesized from alternative conditions (of immigration, birth 
rates, etc.). The distribution of dynamic phenomena, the amount 
of an achievement under conditions of specified time limits, illus- 
trates normal probability again in S. 21 and 23, Ch. XII. Fore- 
casting of business trends is verified by comparing a forecast index 
with the actual later events in S. 17 and 22, Ch. XII. bteady 
upward trends (Eq. 2, Ch. XI) of social indices in the bo\iet 
Union (S. 23, Ch. XII), regular seasonal cycles (Eq. 3, Ch. XI) 
of robberies in U. S. cities in S. 25, Ch. XII, and a curved or 
accelerating trend of income in S. 26, Ch. XII illustrate predic- 
tion from trends and cycles. Finally prediction of social control 
is incipiently illustrated in S. 24, Ch. XII where, by a previously 
fairly reasonable assumption of static conditions the observed 
velocity of progress in the interrelations of a maladjusted del in- 
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quent girl becomes an acceleration from the previous zero velocity. 
This is a societal force plus interaction of people which defines 
societal control. The prediction of societal forces in either direc- 
tion or amount is, of course, difficult proportionately as new con- 
ditions may arise constituting additional facilitating, resisting, or 
redirecting forces for which, until actuarial data can be secured, 
estimates of probability will be more of an art than a science. 
This art of estimating from insufficient data is the essence of 
statesmanship, of “business judgment,” of “good management,” 
requiring persons of high intelligence and experience in that field. 
As data accumulates science replaces art, actuarial calculations 
replace intuitive judgment, the technician or bureaucrat of inferior 
ability can satisfactorily and routinely continue the work of a 
gifted pioneering leader. 

B. Some Principles for Predicting 

Out of our study of predictive situations some generalizations 
emerge which are stated below as hypotheses, whose limits and 
degree of truth, under conditions to be specified, may progres- 
sively be determined with further research. 


1. Definition of Accuracy of Prediction 


First let the accuracy of prediction be defined as the degree of 
agreement between a prediction and its eventuality, between a 
situation as predicted and that situation as it transpires later on. 
This degree of agreement may be measured by some form of 
accuracy index suited to the data, such as a percentage, a good- 
ness of fit probability, a correlation coefficient, etc. Tentatively 
it looks as if these various forms of probability, from the simple 
to the complex, which constitute our accuracy index, could be 
re-expressed as a correlation (including contingency which is 
correlation of attributes) . This suggests a formula (which is here 
recorded hesitantly because it has been explored very little and 
not rigorously defined in this volume as yet) : 


°-‘S • ’• < S? = ( 0 '‘I) = an index of the accuracy of prediction 

(Eq. 2, Ch. XII) 

This asserts the amount of correlation between predicted situa- 
tions (i.e., at dates *| later than the present dates, °|) and those 
situations when in the past (i.e., at dates *1, earlier than the 
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terminal dates, z |). Armed with this, or some better index of 
accuracy of prediction, consider what determines this accuracy. 

2. Classification 

A first principle for increasing the accuracy of predicting is to 
cl assif y the conditions. The more adequately the relevant condi- 
tions have been classified and each class objectively specified, 
the more accurate the prediction. A corollaiy is that the more 
homogeneous the situation predicted, the more accurate the pre- 
diction. Homogeneity is achieved by classifying and subclassifying 
until heterogeneous elements are separated and the final classes 
are as homogeneous as is possible to achieve, or necessary for a 
given degree of accuracy. 3 * * * * * * 10 * Thus, Pemberton found (S. 5, 
Ch. XI) that the temporal distribution of States adopting com- 
pulsory education laws did not fit a normal curve for the United 
States as a whole, but when the Southern and the Northern States 
were separately analyzed each was fitted excellently by a normal 
curve. The negro problem in the South and its absence in the 
North constituted a heterogeneous variable, and classifying into 
two classes resulted in each region being homogeneous. If such 
discoveries are made before the eventuality is completed, i.e., if 
the good fit of a normal curve had been observed before all States 
had adopted such laws, prediction of high accuracy could be made 
as to the annual velocity and final date of States so legislating. 


3. Calibration 

A second principle, or set of principles, for increasing the ac 

curacy of prediction is to calibrate the indices. As elaborated in 

section IV B of Chapter III, calibration involves determining 

the limits, the reliability, and the validity. To increase the reliabil- 
ity of the indices, whether they are indices of the situation pre- 
dicted (i.e., the eventuality) or of the prediction, requires adequate 
sampling and minimal observer error ■, observand [ error and 

observee error as measurable by Eqs. -.1 an , • • 

increase the validity requires higher zero order or mdtipfc s corre- 
lations between the predicter index and the predu - 
a higher accuracy of prediction by Eq. 2, Ch. X . 
the special case of improving the representativeness of sampling. 

* For Eq. 3, Ch. XII, see notes at end of chapter. 
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Under this principle of calibration, three corollaries of the sub- 
principle of multiple correlation should be noted. Multiple corre- 
lation between a set of predicting indices and a predicted, or 
criterion, index will increase according as the predicters are, 
(a) uncorrelated with each other, (b) highly correlated each with 
the criterion, and (c) numerous. For, if the predicters are highly 
intercorrelated, they overlap and each contributes little more 
than the others towards estimating the criterion. It should be 
obvious that the optimally weighted sum of a set of indices (which 
multiple correlation assures) will correlate more highly with the 
criterion proportionately as each index correlates highly with that 
criterion. Finally, if the predicting indices are separately valid 
and are relatively independent of each other, the more of them 
there are the more completely the criterion will be measured, and 
hence the more accurately it will be predicted. For examples of 
these corollaries of the subprinciple of predicting by multiple 
correlation, study S. 3, Ch. XII, the highly accurate predicting 
((I, . 0 = .98) of the occurrence of notables from environmental 
characteristics of population density, education, capital, and 
coolness of climate; or S. 30, Ch. VI, the predicting of academic 
achievement in college. This last is more fully analyzed in S. 34, 
Ch. II for another large university, where the relative accuracies 
of prediction by single predicters and by a multiple set of pre- 
dicters is graphed as decreasing angles between their vectors. 
Note that the combination of four college entrance predicters, 
an English examination, age, rank in secondary school, and Col- 
lege Board examinations has a smaller angle with rank in Fresh- 
man year in college, and therefore, predicts it better than any 
one of the predicters alone. This is mathematically inevitable by 
the derivation of the formula for multiple correlation. It is evi- 
denced again in that predicting graduation standing from the 
record of the first three years of college combined is better than 
from any one-year record alone. (For geometric evidence of these 
corollaries study S. 22, Ch. VI, the diagram of multiple correla- 
tion in n-space.) 

4. Stability 

A third principle for increasing the accuracy of prediction is to 
select stable indices, or, alternatively to stabilize the indices. 
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Stability is measured by the revarying of the index (Eq. 58, 
Ch. X) . Stability is perfect when the sigma measuring revarying 
is zero and instability increases with that sigma. This is identical 
with the temporal fluctuations of a static index. (For a discussion 
of fluctuations of velocities see the section on trends, cycles, and 
fluctuations in Chapter XI.) Stability is best determined (after 
removing the trend and cycle), as the residual fluctuations which 
are individually unpredictable after allowing for the predictable 
trend and cyclic variation. Obviously the more stable the index 
to be predicted, the more accurate the prediction is likely to be. 
If the index is of some phenomena which are subject to human 
control, it can be stabilized by human purpose and effort. Annual 
financial expenditures, annual crop and factory productions, and 
school achievement are a few instances of predictable phenomena 


where the h uma n intention to reach a certain goal, or not to 
exceed it, helps to stabilize such indices. 

A corollary to this principle of stability is that the accuracy of 
prediction varies with the immediacy of the eventuality pre- 
dicted. The more immediate events can be predicted more accu- 
rately than the more remote events. This can be proved by the 
law of joint probability. If the probability of a change in a speci- 
fied period in a trend, or in any process, or in any static condition, 
is % I, then the probability of the change occurring any time in 
twice that period is the sum of their separate probabilities, i.e., 
2( % I). If % I, for example, is 20%, then in five periods the Prob- 
ability of that change is 100%. In general, the probability mil 
cumulate to 100% in (100/*I) such periods. Thus, the longer the 
period, the greater the probability of change m general, and the 
less accurate the forecast. This is not a rigorous argumentand 
needs qualifying’ to specified conditions, but it serves to suggest 
the evidence in favor of this corollary principle that prediction 

improves with its immediacy. 


5. Intensity of Desire 

A fourth generalization, which is here advanced ^anhypo^- 
esis towards improving the accuracy o P mipan ^ 

deals with the intensity of desire 

predicted eventuality (i.e, desideratum). The hypothesis is urn 
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the accuracy of participant prediction correlates positively with 
the intensity of desire of the participating party. 

0:t I • D > 0 (Eq: 4, Ch. XII) 

If the participants care little for the predicted eventuality they 
will not work for it nor strive to overcome any resisting forces 
that may arise from sources outside of themselves, i.e., from other 
parties or from the non-human environment. But if the partici- 
pants desire the eventuality intensely they will strive mightily 
for it and have a higher probability of finding or creating some 
way of overcoming any forces resisting its realization. Since the 
desires and resulting tensions and efforts of the participants may 
not be the only forces in the situation, the correlation coefficient 
expressed in Eq. 4, Ch. XII may be less than unity. 

This illustrates again a behavioristic method of dealing with 
human purposes. Devise calibrated instruments to measure the 
intensity of a human desire, correlate it with the accuracy of pre- 
diction index in a sample of specified situations, and thereafter 
for comparable situations, the desire is a partial predicter within 
known limits of probability. 

If Sociology is to progress as a science it must improve the accu- 
racy of its predictions (along with its understanding and control 
of societal phenomena). To improve that accuracy it is necessary 
to improve the adequate classification, the exact calibration, the 
stability of the indices recording phenomena, and the intensity of 
desiring the predicted eventuality. In improving such classifica- 
tion, calibration, stability, and intensity of desire, the symbols of 
S-theory, with their objective and precise definitions, their parsi- 
mony and their systematic comprehensiveness, may prove a useful 
tool. 

IV. CONTRIBUTION OF 8-THEORY TOWARDS CONTROL- 
LING PHENOMENA 

The third and most inclusive aim of science is to increase 
human control of phenomena. This aim has been little realized 
by Sociology as yet. There is a vast deal of human control of 
physical and biological phenomena built up by those sciences, 
and there is a great deal of human control of societal phenomena, 
but most of it has grown up in our economic, political, religious, 
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educational, and other social institutions without the aid of the 
professional social scientist and his body of systematized knowl- 
edge that we call science. This is especially true in the younger 
sciences. Sociology only attained academic recognition in chairs 
and courses within the last half century and as a practical profes- 
sion outside of teaching, as in social work with certificates or 
Gover nm ent Civil Service status, etc. within the present centuiy. 
Most societal control, however, is exercised, as in a Communist 
State, or a totalitarian Fascist State, or in a democracy at war, 
by leaders other than professionally trained sociologists. 11 

Even leaving the practice of societal control aside, sociologists 
have had theories of control in which the central concept lacked 
a precise objective definition. 12 At this point S-theoiy may make 
a contribution with its definition of societal control in the quantic 
formula, T~ 2 IP 2 , which explicitly denotes an acceleration of a 
societal change in people, stimulated, or partially caused, by 
other people. The explicit measuring and recording of the chang- 
ing characteristic, I, the tune rates, tT 1 r uT -1 , and the parties 
interacting, p P p : : p P p constitute a quantitative definition of 
societal control. This is the first step in studying control situa- 
tions and eventually controlling situations. But this rigorous 
observation has hardly begun among sociologists. In searching 
all the literature of the collection of 1500 quantitatively recorded 
situations, although there were many accelerations, and a few 
forces, and a few interactions, hardly a half dozen situations were 
found recording their combination in societal control, in e\en a 


primitive way. , _ _ . 

Thus for instance, S. 22, Ch. XI, a record of the Russian Five- 

Year Plan estimates and achievements, is an acceleration of pro- 
duction in a plurel and is, therefore, an I-force. But the number 
of persons in the parties controlling and controlled-the Govern- 
ment, or Communist Party, and the Russian population are 
not explicitly recorded, so that the data for calcukting indices o 
societal control, more than a primitive societal force, are not 
available. The situation implicitly represents societal control 
the record falls short of mathematical completeness. _ 

Sociologists speak freely of control and of social pla» ^ 
very little rigorous data have been gathered recordmg the^rte 
controlled, the parties controlling, and the nature and amoun 
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and speed of the change constituting the control. Consequently 
the discussion of this topic is brief here, for although it is the most 
important topic in all Sociology in the author’s opinion, the policy 
in this volume is to develop theory only as far as facts are available 
as a basis. Until more quantitative situations involving explicit 
societal control are recorded in the sociological literature, induc- 
tion of theory about control will remain meager. Obviously 
generalization must await the collection of particular instances 
to generalize. The significance of societal control is the possi- 
bility of man’s determining his own destiny in the future; its 
achievement as far as science can contribute depends on the 
accumulation of more adequate data, so that from particular 
truths in this field more general truth can be induced. This is the 
central problem of Sociology. 

V. S-SITUA TIONS 

The new formulae dealing with prediction in this Chapter were 
induced from S-situations such as the following. This sample 
has been arranged according to their quantic numbers to follow 
the sequence of Chapters in this volume. While they are only 
a suggestion of the extent to which predicting is going on at 
present, they illustrate possibilities (for further refinement) of 
the social scientist’s ability to predict. 
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S. 1 

LEVELS IN THE PROCESS OF SYMBOLIC SUBSTITUTION 

(Read up) 


Level of 
Experience 

Description of 
Experience 

Form of 
Symbolic 
Substitution 

Type of 
Educational 
Transmission 

Level of 

Trial and 

Error Process 

6th level ; 

y — a + bx + cx 2 j 

< 

Abstract mathe- ’ 
natical formula: 
)r family of 
jurve 

Highly abstract 
symbolic substi- 
tution 

( 

Symbols substi- 
tuted in the 
process of men- 
tal manipula- 
tion 

5th level 

I 

y - 100 - 3.5t + i 
0.264t 2 (equation 
fitted to the trend 
of the tabulated 
figures) 

Specific arith- 1 
metical and al- 
gebraic symbols 
In an equation 
that summarizes 
a trend of the 
data 

k 

Specific numeri- ' 
cal substitutes ; 

4th level 

Graphs based upon 
tabulated numbers 
of cases per month 

Generalized 
description in 
graphs and tab- 
ulations 

Summarized 1 
description in 
number symbols 

1 

i 

Numerical sub- 
stitute stimuli 
and responses 

3rd level 

Monthly statistical 
reports of cases of a 
poor relief depart- 
ment 

Specific numeri- 
cal data 

2nd level 

Case records of 
names, addresses, 
notes on needs, re- 
sources, etc., of re- 
lief clients 

Specific records 
of human expe- 
rience stored in 
verbal symbols 

Qualitative 
word-symbol 
substitutes for 
non-present per- 
sons 

Qualitative 
word-symbol 
substitutes for 
direct expe- 

rience 

1st level 

Memories of sense 
impressions (after 
office hours) in the 
minds of SOCia] 
workers who inter- 
viewed clients 

! Visual and audi- 
■tory images as 
! substitutes for 
[ experience 

■ Conversation 
; and discussion 
» 

Overt level of 
wasteful manual 
manipulation 

3 

1 n 

0 level 

Unemployed per- 
sons in need of relief 

■ Sense percep 
‘ tions 

- Personal face 
to-face contact 


Descriptive formula: Si == X I +1 * : I? 

Legend: 

Si = The situation 
records 

ij+i — . 6 levels of experience 
:: = cross-classified 


V 

Quantic number = 0 ; 1$30 


with 

If = 4 categoric of symbolic 
substitution 
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S. 2 


Percent of Defectives 


No. 

Matings 

Expected 

Found 

1 

NN X NN 

0 

0 

2 

NN X Nn 

0 

0 

3 

NN X nn 

0 

37.5 

4 

Nn X Nn 

25 

33.2 

5 

Nn X nn 

50 

53.6 

6 

nn X nn 

100 

77.3 

N = 

Normal and n 

— Feeble-minded. 



Ref.: Bushee, Frederick A., Principles of Sociology , Henry Holt and 
Co., 1923, p. 347. 


Descriptive formula: S 2 = %£p:q 

Legend: 

S 2 = The situation 

records 

= the percent of a population 
studied 


Quantic number = 0;0;0;1 


: = subclassified into 


| q = 2 probability 
plurels 


r “ expected” 
and 

k “found” 


in each of 
|p — 6 Mendelian plurels 
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Correlation of environmental conditions about 1860 (as 
measured by average rank in density of population, ele- 
mentary education, capital per square mile, and coolness of 
climate) with notables per 1000 population born in given 
state, as listed in TP/io’s Who in 1910. Based on rankings, 
r T — .97, or by multiple correlation n . 2345 = .98. 


Ref.: Reinhardt, J., and Davis, G., Principles and Methods of Sociol- 
ogy, Prentice-Hall, 1932, p. 262. 


Descriptive formula: S3 = t T° : i (I) : : M (Ij) : Pp 


r IJ — (<rli*j) — .98 

Legend: 

S 3 = The situation 

records for 

t T° = 2 dates 
: : = a cross-classification of 

(I) = %P = an index of notables 
per 1000 population 

i | = in rank units 
and 

M (I) = a mean index of 


Quantic number — 0;2,*0;1 

]j — 4 environmental indices 

with corresponding 

Pp = frequency of identified 
States. 

rjj = The correlation coefficient 
which is also 

(o-Ij • j) — a scalar product in sigma 
units 

= .98 




860 


THE SYNTHESIS OF SECTORS, S 


[Pt. VI 


S. 3 ( Continued ) 


Comment: 

Even with the unusually high correlation of .98 the percentage of undeter- 
mined elements (100k 2 ) is 4%. Prediction of notables emerging may be made 
from a knowledge of these environmental conditions with 96% of determinate- 
ness (100r 2 ). Since the correlation and antecedence criteria of causation are 
here fulfilled, there is evidence that under the conditions of these data, what- 
ever these 4 environmental indices measure are 96% of the causation of notables. 
The deeper question is to what extent this percent of causation would vary as 
the conditions might vary. To answer this requires similar data gathered for 
other conditions (of cultures, periods, etc.). 

Thus, are these environmental conditions directly causative or partly selective? 
That is, if such an environment were created for a given population, would more 
notables result? Or conversely — to what extent does superior heredity result 
in creating a superior environment, and the combination then show more no- 
tables emerging? 

Thus prediction is possible from known correlation; but without fuller knowl- 
edge of causation, duplicating the later index by creating the antecedent index 
may or may not be possible. 
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S. 4 


self 


FRESHMEN’S EXPECTANCY OF GRADUATION 
STANDING -HARVARD 
Probability 

N = 3,511- Classes of 1930 through 1934 
Per Cent 

80 60 40 20 


Mcl 


l\- 


<& 


& 




W Cl 


CO 


C3 

„ Pass 
Retarded 


w 




tfc 








tk 








'Out 




Dropped 


If correlation is zero the curves converge and all become a straight hnejthe 
lower left to upper right diagonal for the Freshman Rank tells nothmg shout 

G K d ^rrdatfonf^fect the curves would approach SMW» situation where 
the probability would always be 100 or 0. _ hr^-^7 snread- 

double cone, filling it when r 1). 

ReJ.: Dodd, S. C„ Report to the Dean of Harvard College, 1935 (« p°Ukk*d). 


Descriptive formula: S4 — ‘I ” J I • %r 

Legend: 

S 4 = The situation 

records for every value of 

l I = graduation standing (in ordinal 
units) 

:: = cross-classified with 


Quantic number = 0;2 ;G;1 

j‘I = Freshman standing (in ordinal 
units) 

: = a corresponding 
% p = population percentage or prob- 
ability of attainment 


Comment: . ^ * 

This graph illustrates a M-f t»tM *£>“»■« the 

family of probability curves which can cases known prob- 

prediction, based on previous experience, of individual cases witn 

ability. 
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PERCENTAGE DISTRIBUTION OF PREDICTION SCORES FOR THOSE 
WHO ARE DIVORCED, SEPARATED, HAVE CONTEMPLATED 
DIVORCE OR SEPARATION AND HAVE NOT CONTEMPLATED 
DIVORCE OR SEPARATION 


Marital Status 


Prediction 

Score 

Divorced 

Separated 

Have Con- 
templated 
Divorce or 
Separation 

Have Not 
Contemplated 
Divorce or 
Separation 

Number of 

Cases 

700-789 

0.0 

0.0 

9.1 

90.9 

11 

620-699 

2.9 

0.0 

5.9 

91.2 

68 

540-619 

2.9 

4.3 

6.5 

86.3 

139 

460-539 

13.9 

15.0 

13.9 

57.2 

173 

380-459 

25.0 

17.0 

16.0 

42.0 

100 

300-379 

34.2 

21.9 

21.9 

21.9 

41 

220-299 

50.0 

37.5 

12.5 

0.0 

8 

Number cases 

73 

61 

64 

342 

540 * 


* Fourteen cases were added to the original sample of 526. 

Ref.: Burgess, Ernest W. f and Cottrell, Leonard S., “The Prediction of Adjustment in Marriage,” 
American Sociological Review, Vol. I, No. 5, Oct., 1936, p. 751. 


Descriptive formula: S5 = J : : T : %P 

Legend: 

S5 = The situation 
records 

I = a prediction indicant 
i| = in 7 class-intervals 
:: = cross-classified with 
I = a marital status indicant 

Comment: 

This correlation scattergram is typical of the process whereby prediction of 
human phenomena is improved. A rough but socially accepted scale of ordinal 
categories is taken as the criterion — in this case, the criterion of marital ad- 
justment. Then an attitude, or other type of behavioristic scale, is constructed 
with cardinal units which discriminate degrees of marital adjustment more finely. 
This attitude has the two additional merits that it can be determined in a few 
minutes instead of requiring the period of years which the criterion takes to be 
determined, and that it can be determined in advance and hence in time to 
modify or prevent any undesired predicted outcome. In proportion to the per- 
centage of determination (100r 2 ) of the predicter scale and the criterion, the 
predicter can be used to determine in advance, within known limits of error, 
the socially significant criterial situation. 

In this situation the criterion, marital adjustment, was reduced to an indicant 
and correlated with the “prediction score.” The correlation was .51 on one 
sample (P = 526) and .48 on another checking sample (P = 155). This means 


Quantic number = 0 ;2 ;0 ;1 

= in 4 ordinal degrees 
: = with their corresponding 

%P = percentage frequencies of per- 
sons 
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S. 5 (i Continued ) 

a percentage of determination of about 25%. This may seem low to some stu- 
dents, but it must be remembered that: 

a. it is probably better than previously existing technics (most of which have 
never been quantitatively calibrated), and 

b. it can be further improved, as the authors say, by refinements in the in- 
struments. 


S. 6 


Aggregate Population 

Males Females 



30-34 

25-29 

20 - 24 - 

15 - 1 © 


20 O 20 
Per Cent. 


Chinese and Japanese 


Males 


Females 



30 - 34 - 

25-29 

20-24 

15-19 

0-15 


■iis 

lisssss 
isssss 

■ISSSSS 
■I5SSSSS 


too 


Single 


20 o - 
Per CerrL 

S3 Married 



mm. 

mm 

v///m 


6S + 
55-< 
45-S4 


S8S82 

!!S85 

SSSJi 

S8SS 


25—29 


15-19 

0-15 


too 


xm Widowed 

Conjugal condition of the population of the United States in 1900 m propor- 
tion to the total number in each age group. 


Ref.: Brinton, Willard C.. Graphic Method, for Presenting Facte. Eugineerias Magaame Co.. 1923. 

p. 168. 
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Descriptive formula: S6 = 'T° : (tT +1 : %P P :q )r 

Legend: 


S6 = The situation 

records 

'T° = in 1900 

for each of 

tT* 1 = 9 unequal age groups 
a | = with terminal ages stated 
%P = a population percentage 

for each of 


Quantic number = 1;0;0;1 

| p = 2 sex plurels 

each subdivided into 

| q = 3 conjugal plurels 

and all repeated for 
each of 

| r = 2 racial plurels 


Comment: 

A simple form of actuarial prediction is illustrated here. Based on the experi- 
ence of the population represented in this situation, the probability of a person’s 
being in a given “conjugal condition” at any age may be determined and in- 
surance, housing plans, and other societal components may be more intelligently 
planned as far as affected by the conjugal status of the population. 

Thus, for example, the probability of a Chinese or Japanese woman being a 
widow after the age of 65 is : 

t>65 :%Pp"q"'r" = 38% 
or of any man aged 30-34 being single is : 

(t "=30-34) %Pp'q'r' = 28% 

Comparisons of probabilities can be expressed in equations and compounded 
in various ways. Additional data can result in joint probabilities or subclasses 
with more exact prediction. Or aggregates of classes may be compared as in 
the matrix equation: 

( t T +1 : %Pp"q"'r'>r") 

which states that at all ages the corresponding percentages of widowed females 
in the general population exceed those percentages among the Chinese and 
Japanese. 

Trends can be summarized as in stating in the notation above the obvious 
curvilinear correlation between age and conjugal condition, either by the equa- 
tion of some fitted curve, or as a summarizing correlation ratio. 



Ch. XII] 


APPRAISAL OF S-THEORY, S» 

S. 7 


865 



Schematic representation of the life history of low standard people 
relative to poverty conditions. The solid line represents a study of 
cotton mill wage-earners in South Carolina (Sydenstricker and King in 
Public Health Reports , August 22, 1924), and the broken line represents a 
similar study for the city of York, England, made by Rowntree (cf. 
Rowntree, “ Poverty”). Both lines show poverty conditions in the yeare 
of childhood before the children reach the earning age, a relatively pros- 
perous period in early maturity, a decline during the years when the 
family is being reared, a rise again in later maturity after the children are 
earning, and a decline in old age. The studies are probably typical of 
most low standard people. 


Ref.: Reinhardt J M and Davis, G., Principles and Methods of Sociology, Prentice- Hah, 
1932, p. 586. 


Descriptive formula : S 7 = tT 4 " 1 : P p : ff I 

Legend: 

S? = The situation 

records for each of 
t T = the 70 years of life 
for each of 


Quantic number = 1 ;1 $ jl 


P p = 2 plurels 


in Yorkshire and 
in South Carolina 


I = an indicant of poverty 
a \ = in standard deviation units 


Comment: 

This situation illustrates prediction from a type. The typical life-cycle of 
low income earners is graphed as a type, or average, around which other persons 
may be expected to deviate. The extent of deviations might be shown by parallel 
curves in sigma or percentile units, thus enabling more precise prediction of&n 
expected income at each age and a specified probability of any specified deviation 

from the mean. 
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S. 8 



Ref.: Court, A. T., “Measuring Joint Causation,” 
Journal of the American Statistical Association, Sept., 
1930. 


Descriptive formula: S 8 = tT* 1 : : %I : %P 

Legend: 

S 8 = The situation 

records for each of 

tT 4 " 1 = 35 ages 
'| = beginning at 22 
:: = cross-classified 


Quantic number = 1 ;1 ;0 ;1 
with 

%I = the % of normal weight 
: = a corresponding 
%P = percentage of deaths 


Comment : 

^Prediction from joint probability of two simultaneous predicters (age and 
weight) is illustrated. 

The possibility of predicting even when cause-effect relations are unknown 
is evidenced here. The age and weight indices are antecedent to and correlated 
with mortality and are to that extent causes of mortality. The conditions under 
which this is true and which, if varied, might invalidate the probabilities are 
not explicitly recorded in the graph. 
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S. 9 

PREDICTED FERTILITY OF MARRIAGE FOR SELECTED AGES OF 

HUSBAND AND WIPE 


Age of 
Husband 

17 

• 20 

23 

26 

17 

9.58 

8.24 

6.85 

5.41 

20 

9.31 

8.09 

6.82 

5.49 

23 

8.99 

7.88 

6.72 

5.51 

26 

8.60 

7.61 

6.56 

5.46 

29 

8.15 

7.27 

6.34 

5.35 

32 

7.63 

6.87 

6.05 

5.18 

35 

7.06 

6.40 

5.70 

4.95 

38 

6.42 

5.88 

5.29 

4.65 

41 

5.71 

5.29 

4.81 

4.29 

44 

4.95 

4.64 

4.27 

3.86 

47 

4.12 

3.92 

3.67 

3.38 

50 

3.23 

3.14 

3.01 

2.83 


Age of Wife 


29 

32 

35 

38 

41 

3.92 

2.38 

0.79 



4.12 

2.69 

1.20 



4.25 

2.93 

1.57 

0.15 


4.31 

3.11 

1.86 

0.56 


4.32 

3.23 

2.10 

0.91 


4.26 

3.29 

2.27 

1.19 

0.07 

4.14 

3.28 

2.37 

1.41 

0.40 

3.96 

3.21 

2.42 

1.57 

0.67 

3.71 

3.08 

2.39 

1.67 

0.88 

3.40 

2.88 

2.32 

1.70 

1.03 


3.03 

2.59 


2.63 

2.30 


2.17 

1.97 


1.67 

1.58 


U1 

1.14 


Ref.: Bushee, Frederick A., Principles of Sociology , Henry Holt and Co., 1923, p. 396. 


Descriptive formula: S 9 = :: U T +1 : 

Legend: 

S 9 = The situation 

records in terms of 

T = 3-year age classes 
t| = 12 such age classes of husbands 

Comment: 


P Quantic number = 2 $ ;G ;1 

:: = cross-classified with 
u | = 9 such age classes of wives 

with corresponding 
P = predicted fertility 


Obviously | U T • P | > | t T • P | ^ 0, i.e., age and fertility are negatively cor- 
related for each sex. The multiple correlation of the ages of both parents with 
fertility is even higher, permitting more accurate prediction of offspring than 
is possible from knowing one parents age alone. 


S. 10 


Environment of a Minor 



Adult- 

hood 



bmhi in 

II mi^i 


ill 

if 

lAm 

mm 

■ mm 
Bff* 


Amusement: 

■■■ 

nmm 

mm* 

t*a 

0 6 & 

Age 


Ref.: Kelly, Truman L., Statistical Method , Ma cm i l lan, 1923, p. 3S. 
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S. 10 (Continued) 


Descriptive formula: Sio = ~P :tT +1 : 
Legend : 

Sio = The situation 
records for 

~P * a typical in in or 
for each of 


Quantic number = 2;0;0;1 
tT* 1 = 21 ages 

Tt 1 — 5 kinds of environmental time 
expenditure , 


Comment: 

Prediction here is from a typical temporal pattern, a daily cycle at each age 
of a minor. It is an aggregation of implicit means of time expenditure which 
are norms, or the “most probable” patterns. Note that the formula for a cycle 
(Eq. 3, Ch. XI) holds, in that at every age the correlation between the hour of 
the day and the type of environment would be measured by a high coefficient 
of contingency. 

The hours spent in the five environments are an implicit attribute-time 
product which, if written explicitly (in order to calculate a coefficient of con- 
tingency), would read : Tt 1 = I°i : Tf 1 . 
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2*0 


a i o 


COMFORTABLE 1^29* 
POOR *93^ 

comfortable I^Z9 
AMO »93 a 


I 0O 


. 5 O 


1 zo 


V) 

Ul 


30 


\ '• 


10 20 3 ® 50 *0 

age 

At all ages there was more frequent illness when 
f amil y incomes fell than was incurredby more fortu- 
nate neighbors who had similar 1929 mcomes and 
escaped the decline of depression. 

**: Sydmstricker, Edgar T^, Poor,” 

Survey Graphic, Vol. XXIII, WO. 4, ^pru, 


Descriptive formula: Sn — tT +1 : (%PT“ )i 
Legend : 

S n = The situation 

records for each of 

tl = 7 

T +1 = 10-year age classes 
= beginning at 2 years 

for each of 


Quantic number — 19 $$ $ 

1=2 wealth plurels 
() = an index 

of 

% p = persons sick per 1000 popo!*- 
tion 

rp_i — per 3-month period 


Comment: differential morbidity as probable 

The prediction here is by classes, sho g 
for rich and poor at every age up to w. 




Ref.: Emerson, Haven, “Are We Fostering the Unfit,” Survey, Vol. LXVI, No. 1., April, 
1931, p. 51. 


Descriptive formula : S 12 = P p : t T~ 1 : T+ 1 Quantic number = 91 ;0 ;0 ;1 

Legend : 

S 12 = The situation t T~ 1 = a series of 11 dates 

records for each of the corresponding 

P p = 3 geographic plurels T+ 1 = longevity 

for each of 

Comment : 

The average velocity for the last four centuries of this durating process has 
been approximately .1 year per year, i.e., expectation of life has been increased 
one year in each decade. Proportionally as similar causes may continue to op- 
erate, the trend may be projected into the near future to predict further in- 
crease of average longevity at this velocity. 
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MATHS PCft 100,000 POPULATION 


ouths Ptn loo.ooo population 


DIARRHEA AND ENTERITIS 


CANCER 


WHOOPING COUGH 


DIABETES 


MEASLES 


NEPHRITIS AND BRIGHTS DISEASE 




DIPHTHERIA AND CROUP 


ORGANIC DISEASES OF THE HEART 




40 40 


SCARLET FEVER 


CEREBRAL HEMORRHAGE 


Ref.: President’s Research Committee, Recent Social Trends, McGraw-Hill, VoL , 

1933, p. 614. 

Descriptive formula: S» = GT+ 1 : *P,T-*) P number = 19;0;0;1 

Legend: 

Su = The situation ^ = 8 1(> * ear 886 ckss f* 

, „ , - T -1 = an annual rate m 1920 

records for each of f 

of 

| p = 10 disease plurels imnm 

, , , 5 sP = persons dying per 100,000 

for each of population 
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Comment: 

Differential probabilities for different diseases and for every age are here given 
separately. These constitute a partial analysis of the causes of total mortality. 
Prediction of progress in a summary index, such as decreasing mortality, can 
be made more accurate by the knowledge of the trend of the component indices 
of specific mortalities. (See discussion of Eq. 11, Ch. X.) 
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THE SYNTHESIS OF SECTORS, S 

S. 14 ( Continued ) 

Descriptive formula : S 14 = t T _1 : (tT * 1 : %P)p,Sp Quantic number = 91 ;0;0;1 
Legend : 

Sw = The situation f° r ea °k 

records for each of tT -1 " 1 = ages 1-100 

|p,s P = 3 density plurels and their the corresponding 

total % p = percentage frequencies of 

for each of people 

t T _1 = 4 dates 

Comment: 

Note the waves in the curve (like ripples from a stone thrown into a pool). 
The crest of the wave starts in children (age 10±) in 1930, reaches adulthood 
(age 40 ±) by 1960, is waning away around senility (age 75 ±) by 2000 a.d. 
and disappears in the stable curve thereafter. This “pure” wave is seen most 
clearly in the rural farm curve. It is complicated as if from cross ripples (births 
and immi gration?) in the urban population. 

Here are definite predictions of the future, founded on explicit hypotheses, 
awaiting crucial testing by the censuses of the decades ahead. 
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S. 15 


70- 


60- 


1500 1500 1700 tdOO IOOO 

Percentage of war years, based upon the average record 
of eleven European nations by half centuries, sixteenth to 
nineteenth centuries, inclusive. The height of the line for 
each half century represents the percentage of years during 
which any one given nation was engaged in war. The 
figures show a decline in the time devoted to war, but prob- 
ably an increase in the intensity of war during the modern 
period. One of the outstanding countries leading in this 
decline was Prussia. (Cf. Woods and Baltzly, Is 
Diminishing $ Houghton Mifflin Company, Boston, 1915.) 

Ref.: Reinhardt, J., and Davis, G., Principles and Methods of So- 
ciology Prentice-Hall, 1932, p. 246. 


50 - 


% 40 ' 

& 

•** 


20 - 


I 


to- 


: JT" 1 : %T +1 Quantic number = 91 ft ;0 $ 


Descriptive formula : Sis = Es 
Legend : 

Sis = The situation 

records for 

Psp = a plnrel of 11 nations 
for each of 


t T“ 1 = 8 half centuries 

7 | = beginning in 1500 a.d. 

the 

% T +1 = % of years of war 


Comment: 


Prediction by projecting a past trend mto the i future 

the prediction. Changed conditions may i 

***** “ 0da “ 

and technical knowledge. 
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S. 16 


DISORGANIZATION 


.✓-Reorganization the 
^ One Usually Taken 



Path toward 


EFFICIENCY 

Personality Needs and 
Institutional Forms 
Complementary 


DISINTEGRATION 

Institution Loses 
All Vitality and 
Collapses 

INCIPIENT 
ORGANIZATION 

Felt Needs Begin- 
ning to Give Rise 
to Institutional 
Forms 


The Cycle of Institutional Development 


Ref.: Cooley, Angell and Carr, Introductory Sociology, Scribners, 1933, 
p. 407. 


Descriptive formula: Sie = tl -1 :I° Quantic number — 9;0;0;0 

Legend : 

Sie = The situation of 

records for each of T _1 = unstated length 

t | = 6 periods 1° = an attribute of institutional 

development 


Comment : 

This diagram constitutes a hypothetical cycle of institutional development. 
It is a suggestive hypothesis and can be more exactly tested in proportion to the 
improvement of indicators of institutional forms and personality needs. Such 
indicators should identify the stage in the cycle at which any given ins titution 
is at the moment, and thus facilitate prediction of the next stages. 

The six institutional stages are perfectly correlated with the successive periods 
by definition, since the ordinal stages define the periods of time. This illustrates 
our formula for a cycle (Eq. 3, Ch. XI) in the case of a velocity instead of a 
celeration : 


t(T+ l • T +1 = 1.0) 
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Ref.: Smith, Bradford B., “A Forecasting Inderfor Business,” /ow-mI 
of The American Statistical Association, Vol. XX\ I, No. 174, June, 1931* 

p. 126. 


* 


Descriptive formula : S17 = tT" 1 : Ii 
Legend : 

S 17 = The situation 

records for each of 
tT' 1 = 31 years 


Quantic number = 9 ;1 ;0 ;0 

; | = beginning in 1900 

. , “forecast” 

I> = 2 indicants ^ 

of business [« norma i” 


Comment: 

Here • teehrne of predict!™, • totrng Ua » 
actual events. If the correlation is unity (I, • I„ = L0), forecast 18 P 6 ^ 
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Estimated growth of institutional population, 
16 years of age and over, 1890-1930. 


Ref.: President’s Research Committee, Recent Social 
Trends, McGraw-Hill, Vol. I, 1933, p. 306. 


Descriptive formula : Si 8 — t T _1 : %Pp 

Legend: 

Sis = The situation 

records for each of 

t T~ 1 = 5 decennial censuses 1890- 
1930 

Comment: 


Quantic number = 9 ;0 ;0 ;1 

%P = a population index 

for each of 

| p = 1 general and 6 institutional 
plurels 


Prediction from trends of comparable index numbers here has a criterion for 
comparison in the trend of the adult population. Prisons parallel the population 
growth, almshouses lag, while the other four institutions lead. A straight line 
trend in this graph on a semi-logarithmic scale means a constant percentage of 
annual growth, not a constant absolute increment. The growth of institutional- 
ized population does not accurately measure the growth of this social problem 
plurel, since the boundary defining the minimals who are sent to an institution 
may be rising. Borderline persons, formerly left at large, are increasingly sent 
to an institution in recent years. 
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POPULATION OF THE UNITED STATES 1850-1920 

AND 

ESTIMATES OF POPULATION 1930-2000 AD. 


MILLIONSf 

160 

170 

160 

190 

140 

iao 

120 

Ito 

100 


mmom BASED- ESTIMATES— PEARL— REED|_ 
JOHNS HOPKINS UNIVERSITY 
BASED •** METHODS SUGGESTED BY] 
SLOAN, BUREAU OF THE EN6US 

( Both estimates okove were mode m /52/;| 




MEDIUM ESTIMATE*" THOMPSON-* 
WHELPTON, SCR1PPS FOUNDATION— 
RESEARCH-POPULATION PROBLEMS 

LOW ESTIMATE -THOMPSON —WHELPTON. 
THIS -"-MEDIUM ESTIMATE INCLUDE ' 
ALLOWANCES'- IMMIGRATION. 

ESTIMATE- DUBLIN.- METROPOLITAN UFE - 
INSURANCE CO. BASED -BIRTH RATE- 14 
—70 YEARS EXPECTATION -LIFE. 

NO IMMIGRATION. 

{^hese three estimates weeemodem 1332) 


^MILLIONS 


ISO 

170 

160 

160 

140 

130 

120 

ito 

100 

90 

60 

70 

60 

60 

40 

30 

20 

to 


1660 1660 1670 1660 1660 1900 1610 1920 1930 1940 I960 I960 1970 I960 1990 2000 


Population of the United States, 1850-1930, and Estimates foe 1930-2000 


The earlier estimates by Pearl and Reed and by Sloane represent projections 
into the future of curves fitted to gross population growth before 1920. Later 
estimates indicate an earlier cessation of growth with a lower maximum popula- 
tion. The estimate by Dublin, 1932, agrees closely with the “medium” estimate 
by Thompson and Whelpton. The latter authors now regard this “medium” 
estimate as too high. 


Ref.; Lorimer and Osborn, Dynamics of Population, Macmillan, 1934, p. 5. 
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Descriptive formula : Sw = t T~ 1 : P p 

Legend: 

S19 = The situation 

records for each of 
t T~ 1 =16 decennial censuses 


Quantic number = 9 ;0 ;0 ;1 

P = the United States population 

in each of 

| P — 5 classes, or bases of estimate 


Comment : 

Two principles of prediction are illustrated in these forecasts of population 
growth. The first is that the accuracy of prediction varies inversely with the 
immediacy of the events predicted. The more remote the event the less accurate 
the prediction. The earlier estimates of 1921 may be expected to appear by 
the test of the 1940 census less accurate than the estimates of 1932. 

The second principle is that prediction varies with its components — here 
these are birth rate, longevity, and net immigration. Accordingly as these com- 
ponents are differently estimated, their resultants will vary. 
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23- 


20 - 


13 t-** 


to— 


3— 


.OTS\ 


.MM 


j02S\ 


M8i 


M 2 


\ooe\ 


400 


800 t200 MOO 2000 2400 2200 3200 3000 WOO / 7300 j 

JOQtST 


(2300 


Distribution of income in the United States in 1918, accord- 
ing to the National Bureau of Economic Research, and loga- 
rithmic normal curve of distribution fitted to the first and 
third quartiles of the data. The distribution differs from the 
usual norm in that the data above approximately thirty-five 
hundred dollars run materially above the computed normal as 
indicated by the magnified cross sections of the curve at $7500 
and $12,500, respectively. In the former case the actual dis- 
tribution is .100%, while the normal is only .00167%. At the 
latter point the actual distribution is .024%, while the normal 
is practically 0. The normal curve, as a logarithmic point 
binomial, would end at a point below $25,000. For data see 
Table 33. 


Income 

Class 

0-8 400 
400 - 800 
800 - 1200 
1200 - 1600 
1600 - 2000 
2000 - 2400 
2400 - 2800 
2800 - 3200 
3200 - 3600 
3600 - 4000 
■ 

7300 - 7700 
12300-12700 


Mid-point 

m 

$ 200 
600 
1000 
1400 
1800 
2200 
2600 
3000 
3400 
3800 

m m * * • 

7600 

12500 

17500 


Income 

Recipients (/%) 
2.84 
19.51 
32 16 
21 53 
9.88 
4.64 
2 63 
1.61 
1.07 
.74 


Normal 

Curve ( Ht . at m) 
.18 
22.06 
32.46 
22 07 
11,87 
5.90 
2.87 
1.40 
.69 
.35 

.00167 

.000007 


.01 


17300-17700 

Percentage distribution of income in the United States, 1918 
(National Bureau of Economic Research), and [ normal curve 
fitted to first and third quartiles ($833 and $1574). Normal 
curve taken from a study by Peterson and Westmeyer. 


Ref.: Reinhardt, J., and Davis, G., Principles and Methods of Sociology, 
Prentice-Hall, 1932, p. 522. 
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Descriptive formula: S 20 = GOT -1 ) : %T)p 
Legend : 

S 20 = The situation 

records for each of 
x \ = 13 class-intervals 
of 

IT” 1 = annual income 


Quantic number = 9 ;1 ;0 ;1 


the corresponding 


%P = % of recipients 

in each of 


p = 2 plurels 


an actual and a 
- normally dis- 
tributed 


Comment : 

The usual positive skewness of an income curve may be noted in this graph 
in connection with the trends of capitalism and co mmunis m, as denned by the 
statistical moments in Chapter V. 



Frequencies 
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Feebleminded 

N=50 



Orphans, 12 year olds 
,N=61 I 



Comparative distributions 
of the scores on the scale 
of different groups under 
particular conditions of prac- 
tice, time limits, and moti- 
vation. 


Means and sigmas are indi- 
cated thus: f i 

The class interval is ten 
points which is slightly larger 
than one probable error of 
measurement. 


0 

100 

200 

300 400 

500 

600 

700 




Score 





Ref.: Dodd, S. C., International Group Mental Tests, Princeton University Press, 1936, p. 66. 
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S. 21 ( Continued ) 

Descriptive formula: Sa = JT -1 : P ( M,< [T : P) Quantic number = 9 ;1 ;0 ;1 

Legend : 

S 21 = The situation. 

records for each of 

tT“ x = several periods and occasions 
of testing 

for 

p | = 5 plurels 
Comment: 

Distribution curves form a major technic of prediction in the social sciences. 
The most probable value for any future case is near the mean : the probability 
of any specified deviation from the mean is given by the corresponding area 
that is cut off under the curve. 


J = an intelligence score in 65 PE 
units 

with corresponding 
P = frequencies of persons 
and with 

= means and sigmas also stated 
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The Detroit Chart 

The telephone company’s first industrial plan for 
Detroit was initiated in 1913 and extended to 1930. 
By 1920 it became obvious that the current rate of 
expansion was much higher than estimated and the 
planners were obliged to elevate their sights. The 
next plan began with 1919 and extended to 1936. 
This forecast paralleled actual growth for six years. 
The next plan spanned 1925-45. Again actual 
growth ran parallel with estimated need, until the 
depression caused a sharp divergence between the 
projected plan and the actual telephone needs of the 

community. 

Ref.: Lindeman, E. C., "TdepLones-Foreeasting m Public 
Service," Survey, Vol. LX VII, No. 11, Maxell 1, 1932, p. 598. 
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THE SYNTHESIS OF SECTORS, S 
S. 22 (< Continued ) 


Descriptive formula : S 22 = Pf • tT -1 : Ii 
Legend : 

S 22 = The situation 

records for 
P, = Detroit 

for each of 
t | = 13 periods 
each of 

Comment : 


Quantic number = 9 ;1 ;0 ;1 

T -1 = 25 years 
'| = beginning in 1913, 

I = the number of telephones 

determined by 

|i = 4 indicants (namely 3 fore- 
casts and the actual) 


Prediction here is a commercial necessity. Periodic revision increases its 
accuracy. Conservatism leans towards projecting the trend of velocity rather 
t,Wn the trend of acceleration in making these forecasts. 
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Descriptive formula : S23 = P, : tT -1 ; (I) i 

Legend: 

S23 = The situation 
records for 

P, = the Soviet Union 
for each of 


Quaniic number = 8 ;1 ;0 ;1 

tT -1 = 10 years 

7 | = beginning in 1925 
(I)i = 16 indices of social trends 


ilTi 


-1 




%PT~ l 

ip-i 


Ip-iT-i 


V: 


f annual freight in 10 5 tons 
\ annual trade in 10 7 rubles 
population in 10 6 
workers in 10 4 
pupils per 10 3 
college pupils per 10 3 
annual passengers in 10 3 
hospital beds, rubles per 100,000 persons 
' budget per capita 
production per capita 
coal per 100 persons 
« steel per 1000 persons 
textiles, etc., per capita 
electricity per capita 
grain per 100 persons 
^ education, rubles per capita 


Comment : 


Every index trends upward except foreign trade, which is desired to go down- 
ward, so that there is progress (-KV) without exception (although grain increase 
is small). 

The unanimity of the upward trend, even right through the depression of 
1930 - 33 , increases the probability of its continuance in the near future. 


Comment on notation: 

Note that since some of the indices are velocities, their rates of change are 
accelerations, making 8 the temporal quantic digit. In an aggregation the 
quantic digit is that of the highest exponent in the aggregated entities. 
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Construction of Groups 




Assignment Therapy 


Fig. 1. Indicates the position of Mary DA in her first assignment, 
C2, after a period of 14 months. From her four choices she sends 
three into her cottage; two remain unresponded to and one is re- 
sponded to favorably by GO. She is rejected by three individ uals , 

LR, DN, and SA, within her own group and she herself rejects one, 

LS, who is attracted to her. She forms a mutual attraction with BS 
in Cl and is chosen by HL in C3, AT in GA, and MY in C14. She 
rejects the housemother and is rejected by her in return (not plotted). 

Fig. 2. Mary DA has been assigned from C2 to C5. The chart in- 
dicates the position which she has developed after a period of four 
months in C5. Four of her choices go inside her group and she forms 
mutual pairs with AI, FI, BA, and WL, the leader-individuals of the 
cottage. She is rejected by none. She is chosen by the housemother 
to whom she is attracted (not plotted). 


Ref.: Moreno, J. L., Who Shall Survive ? Nervous and Mental Disease Publishing 
Co., Washington, D. C., 1936, p. 320. 


Descriptive formula: S24 = t T“ 1 : T : : p P >p : T Quantic number = 9;1 ;0;2 

Legend: 


S 24 = The situation 

records for each of 

t T ~ 1 = 2 dates, 14 months apart 
'P = one girl 

cross-classified 
(i.e., interrelated) 
with 


P P = 11 girls 

| >p = in both in-group and out-group 

by 

*1 = attitudes [ attraction = 'I = +1 
in 3 de- 1 neutrality ="1 = 0 
grees [rejection = "T = — 1 


Comment: 

The nearer the mean attitude approaches 4-1 (i.e., all mutual attractions) 
the more complete the social adjustment of this delinquent girl in this situation, 
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S. 24 0 Continued ) 

and the more successful towards therapy has been her assi gn ment in the in- 
stitution. 

2P 

50 P^SI = % of maximum adjustment 

= 50 X 13/11 = 59% in Fig. 1 
= 50 X 10/5 — 100% in Fig. 2 

showing a progress of 41 percentage points (which are the I-umts here) up to 
maximal adjustment in these fourteen months. 

This illustrates a common type of prediction in the social sciences where cer- 
tain actions or situations are known to result in a desired change, but just how 
much change cannot be predicted in advance without actuarial data. 

The assig nm ent therapy is here an instance of societal force. To estimate 
its amount, assume that no progress in adjustment was being made as long as 
' this girl remained in the situation of Fig. 1, so that her velocity of progress was 
zero. It then increased to an average velocity of 41 I-units in 14 months, or 
almost 3 I-units per month. Taking the middate of this period as the truest 
date for this average velocity of the period, means that the velocity rose from 
0 to 3 in 7 months, or 3/7 = .43 I-units per month per month. As the population 
is one person, the acceleration times 1 is the I-force. The I-force is thus esti- 
mated as .43 F-units, where the F-unit is one person improved 1 percent of 
maximal adjustment per month per month. But since the adjustment is an 
interaction between people who are explicitly specified in the situation, the force 
becomes societal control, T“ 2 IF;, under our definition of control, as some people 
accelerating change in other people. 
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MONTHLY TRENDS (DAILY AVERAGE) BURGLARY 

JAM 1990 ~ OCC 1994 


583 CITIES 

_ TOTAL" POPULATl 




81 CITIES 1 

WW.HM OVta 100.000 

TOTAL POPULATION — 21.406/n® 


The CITIES WHOSE REPORTS ARC M- 
CLOOCO IN THIS CHANT ARE THE SAME 
AS THOSE REPPESCNTEO IN TX CHART 
SHOWING ROMERT TRENDS 


J F 'm a w J 4AS0ND J f *» ANJJASONO J r VAV J J t>O H 0 J 'W4 

- 1930 * - 1931 - - 1932 - 




1934- 


Ref.: Void, George B., “Amount and Nature of Crime,” Amer. Joum. Soc., Vol. XL, No. 6, 
May, 1935, p. 799. 
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Descriptive formula : S 25 = 

Legend: 


zu'T" 1 :P P :Sq :“(TT-*)i 


Quantic number = 8:1:0.T 


S 25 = The situation 

records for each of 

t ; uT -1 = 4 years and their months 
'] = beginning in 1930 

for each of 

P p — 3 urban plurels 

each of 


|sq = a specified number of 
cities 


M | = the mean 
T -1 = daily 


I = number of 

I I = 2 kinds 


police offenses 
of 

f robbery 
\ burglary 


Comment : 

The situation illustrates the societal force of crime of two specific types. The 
I-force is in F-units of one offense per urban plurel per month per month. Rob- 
beries show a seasonal cycle : 

t (IT -1 • T+ 1 ^ 0) (Eq. 3, Ch. XI) 

i.e.j within each of the t | years there is (curvilinear) correlation between the 
offenses per month and the month of the year. The correlation is high enough 
to justify seasonal prediction of increasing or decreasing robberies. 

S. 26 


9.000 

8.000 
e 

| 7,000 
o 


“ 6,000 

E 

| 5,000 



18 


20 


0 2 4 6 8 10 12 14 16 

Years After Receipt of a a Degree or Completion of Four Year Course 

Income of graduates of Worcester Polytechnic Institute at various years after 

graduation. Courtesy at Data, Chicago. 


Ref.: Brin ton, WiHard C., Graphic Methods for Presenting Facts , Engineering Magazine Co., 1923, 
p. 204. 
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Descriptive formula : S 26 = P, 

Legend: 

S 26 = The situation 


S. 26 ( Continued ) 

: t T _1 : <7 - M (IT~ 1 ) Quantic number = 8 ;1 ,*0 ;1 
M = the mean 


records for 

P, = graduates of Worcester Poly- 
technic Institute 

for each of 

t| = 20 years 

T -1 = the annual rate of change of 
Comment: 


and 

cr = the dispersion (f is only im- 
plied by the shading) 

of 

T -1 = their annual 
I = income 


This S-situation is a good example of the redispersing process. The elongating 
segments of ordinate in the shaded area from date to date measure the velocity 
of the dispersing process that is going on. Skewness is also indicated in that the 
shaded ordinate above the mean is longer than below the mean — the usual 
finding in wealth distributions. 

The smooth curve represents an I-force. If fitted by an equation, the first 
differential of calculus would state the velocity of the earning process at any 
date, and the second differential would state the acceleration at any date. Since 
there is only one P-umt, the acceleration and the societal force are n um eri cally 
equal. 


77. NOTES 


1. These are verbalized as : 

T denoting time 

I “ indicators of characteristics 

L “ length 

P “ people 

| s the post-superscript denoting the exponent 


1= 

cc 

post-subscript 

U 

classes 

.1 

u 

pre-subscript 

CC 

class-intervals 

■1 

cc 

pre-superscript 

it 

cases 

* 

* 

cc 

colon 

a 

aggregation 

• ■ 

V • 

cc 

double colon 

cc 

cross-classification 

• 

cc 

heavy dot 

cc 

correlation 

/ 

cc 

priming 

cc 

particularity 

+ 

cc 

plus sign 

cc 

addition 

— 

cc 

minus u 

cc 

subtraction 

X 

cc 

times “ 

cc 

multiplication 

1 

cc 

ratio bar 

u 

division 


2 . At the risk of repeating oneself ad nauseam, the warning as to the chief 
limitation of S-theory is reiterated, that these symbols represent data and do 
not magically convert inaccurate or inadequate data into accurately and ade- 
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quately represented situations. The symbols can be no better than the data 
they symbolize. The rules for using the symbols exert pressure on the investi- 
gator to treat his observations more precisely, but the symbols themselves pas- 
sively reflect whatever the degree of precision of the data may be. 

3 . A comparison in respect to parsimony may be made with Eubank’s four 
basic categories which subdivide into seven, namely (see S. 6, Ch. Ill) : 

Societary composition — the single human being 

— the human plurel 

Societary causation — energy (or force) 

— control 

Societary change — action (or process) 

— relationship 

Societaiy products — culture 

The four sectors of time, space, people, and their characteristics in this volume 
are comparable. The scripts modifying these four and the operations combining 
them have no explicit concepts as equivalents in Eubank’s system. He develops 
no explicit concepts for the method of modification of his * basic categories into 
particular and variant forms and the technic of combining them. He presents 
classifications of subconcepts which do modify and do combine his basic ones 
without fully exposing the operational technic of such modifying and com- 
bining. 

His static “Products” are the I in part of this volume, his “Composition,” 
the P; his “Change” is reduced to T and some combining index, his “Causa- 
tion” to Force, T -2 IP, and “Control,” T^IP 2 . L is added to deal with ecology 
and the spatial environment more adequately. In short, the system in this 
volume has been built on his system, modifying its four categories into the four 
of S-theory which seem to be more elemental, more measurable, and more fruit- 
ful in recombining to yield current sociological concepts and descriptions of data? 

4. Not all of these definitions achieve the goal of being operational definitions. 
In most cases it depends upon whether the indicator or the index involved is 
operationally derived. The S-formula usually takes that index and specifies 
either limiting conditions or operational combination with further indices in 
defining the term. Hence some of these equations describe or limit the term but 
cannot strictly be called definitions. 

6. A fuller list is in the topical index at the end of this volume where the 
terms specified by formula have their equation number indicated. This list is 
not complete, however, as some subtypes, some phrases, and some relations 
between concepts are not in the topical index, yet have formulae here. 

6 . The S-formula for a prediction is expressed by the date script, where if 0 
means by convention the present as zero point or origin, then subsequent letters 
in the alphabet will, as usual, denote later dates which must, therefore, be future 
ones. 

0:t S = future situations, predictions (Eq. 1, Ch. XII) 

This formula asserts situations at dates, *|, which come after present dates, °|, 
to which they correspond. 
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7 . This concept of participant prediction has much in common with Ward 5 s 
telesis and other concepts of human purpose. Many of these have acquired 
connotations of subjective unpredictability, of “free will, 55 of a divine Over- 
purpose, of vitalistic entelechy, etc. A more objective term, suitable for a be- 
havioristic science, seems to be “participant prediction/ 5 where actuarial prob- 
abilities are connoted and mathematical treatment of the telic phenomena in 
human life is possible. “Planning 55 has much of this meaning, except that plans 
may be made by some parties for others — who may or may not participate fully 
in fulfilling the plans. Here the planners are participants, but any passive pop- 
ulation that may be planned for are not participants. It is the active desiring 
and participating in achieving a social plan, not merely the making of the plan 
on paper (which is part of connotation of the term “social planning 55 ), which 
we emphasize in the term “participant. 55 

8 . Lest the reader have the notion that repeated references to the “sixteen 
basic 55 concepts is making a fetish of this set of sixteen, it should be noted that 
a few more or less are acceptable. The overlining symbol, converting indices to 
vectors, the semicolon representing any operator, and others might be included 
in the set called “basic 55 or “chief concepts 55 ; and minor symbols, such as the 
primes denoting particularity, or the double colon compounding the classifica- 
tion denoted by the single colon might be dropped into the “auxiliary symbols 55 
class. The reference to sixteen basic symbols of S-theory is intended to em- 
phasize its base in a definite number of concepts and a small number of the 
order of one to two dozen. 

9. The probability of a prediction and its reliability should not be confused. 
The s im ple probability is the ratio of chances in 100, of an event happening. 
This ratio, lik e every statistical index, has a standard error of sampling which 
varies inversely with the square root of the size of the sample (Eq. 14, Ch. IX). 
The standard error measures the reliability with which a probability has been 
determined. The larger the sample the more reliable is the probability of an^ 
event computed from the experience of that sample. 

10. This hypothesis that accuracy increases with relevant subclassification 

may be expressed crudely in the formula : 

(o *• tj) • t :| 2s ? > o (Eq. 3, Ch. XII) 

(See Appendix H, Rule 61) 

This asserts that the accuracy index of predicting situations at particular 
future dates, 0 : *|, is positively correlated with the sum of class scripts, |x fl , 
corresponding to that future date. The sum of class scripts reflects both the 
degree and the order of the hierarchical classification, as when Ii : j •. k has three 
degrees of classes, so that |ss = 3, while in Ii : 3, |ss = 2. ]s 8 — |si Jxj 4* |xt* 
This assumes, of course, that the subclassifying is relevant to the predicters. It 
can easily be carried beyond the point of maximal accuracy of prediction and so 
defeat itself. Alternatively stated, the correlation may be curvilinear and re- 
verse from positive to negative correlation at some point of optimal accuracy 
of prediction. The inequality, Eq. 3, Ch. XII, may hold only within limits 
- which would have to be determined for specified situations. The six detailed 
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points listed under “ Limits ” of an index in discussing “ Calibrated Indices” 
in the theory of measurement, section IV B of Chapter III, specify further what 
is involved in defining classes of the phenomena to be predicted. 

11 . Masaryk and Benes of Czechoslovakia were outstanding exceptions. 

12 . For an excellent s umm ary of the literature on societal control see Ref. 25. 
Eubank defines the term clearly (p. 219) and discusses the sources (one person 
on to a group), the technics (suggestion, persuasion, coercion, etc.), the instru- 
ments, the stages, and the reciprocal status of controller and controlled, and 
the purposes of control. These should serve as hypotheses for testing out and 
reformulating more exactly when more recorded situations with a quantic for- 
mula of T~ 2 IP 2 are available as facts from which to induce new hypotheses and 
verify existing hypotheses. 
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GLOSSARY OF SYMBOLS OF S-THEORY 


16 Basic Symbols 
T I L P si® : : : • ' 4 X / 


4 INDICES 

T denotes time, e.g., days, years, 
hours, etc. 

I denotes an indicator of a charac- 
teristic of people, or of their en- 
vironment, e.g., intelligence 
scores, school tests, votes, 
money, temperature, tons of 
produce, ranking in any respect, 
etc. 

L denotes length in physical space, 
e.g., inches, kilometers, etc. 

P denotes a human population, e.g., 
the number of persons, or plurels 


4 SCRIPTS 

= = the post-superscript 

denotes the exponents, e.g., 

P = I X I X I 
I 2 = I X I 
I 1 = I 

1 ° = 1/1 = 1 - 
I- 1 = 1/1 

1-2 =1/1X1= 111 2 


16 Auxiliary Symbols 

Compounds of, special cases of, or 
supplements to, the basic symbols 

(I) (10 S V * * M,<r j; ? !! i| < ^ ^ 


4 INDICES 

(I) denotes any index defined as 
any combination of T, I, L, or 
P by addition, subtraction, 
multiplication, or division (but 
not by aggregation) 

(I') the homosectoral index, is any 
one of T, I, L, or P 
S denotes an aggregation of in- 
dices composing a societal sit- 
uation, a set of numerical so- 
cietal data (including any 
countable list of items, such 
as I?) 

V denotes a valued index (“ desid- 
eratum”) j an index of a char- 
acteristic desired by a speci- 
fied population 


4 SCRIPTS 

a '| or '| denotes the initial limit of 
a series; z '| denotes the terminal 
limit of a series, e.g., /:z 'T = 
bounding dates of a period; 
' :z 'l = the range of an indicant 
M | denotes the arithmetic mean , 
e.g., M (I) = an average index 
denotes the standard deviation. 


e 
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4 SCRIPTS ( Continued ) 

Is = |t;i;i;p = the post-subscript 
denotes a series of qualitatively 
different classes , e.g., P p = an 
aggregation of plurels p in num- 
ber; If = a list of qualities of i 
kinds ; Li = a map of regions, l in 
number 

a] = t;i S i ; p| = the pre-subscript de- 
notes a series of equal and inter- 
changeable class-intervals , e.g., 
t T = periods, t in number, each 
of duration T; p P = a series of 
plurels, p in number, each com- 
posed of persons P in number; 
il = a series of class-intervals, a 
scale, of some quantified charac- 
teristic; 1 L 2 = a collection of 
equal areas 

8 1 = tS;1;p | = the pre-superscript, 
denotes a series of cases, e.g., 
p P = a list of p persons; t T = a 
series of t dates 

J NEW OPERATORS 
: the colon , denotes aggregative 
subclassification; read as “each 
with corresponding . . .,” e.g., 
P p ; q = p plurels, each with a 
corresponding set of q subplurels 
: : the double colon , denotes cross- 
classification, e.g., If : : I? ;Pa 
contingency table 
• the heavy dot, denotes the scalar 
product of vectors, statistically 
calculated as the correlation co- 
efficient; read as “is correlated 
with,” or “tends to vary with,” 

<rli • J = Tjj 

r n jtt iv v • • * , -i 

, , , , , primes m scripts, de- 

note particular identified items 
of an aggregation; one prime, 
therefore, denotes a single item, 
e.g., 'P = a named person; 
I„ = the second characteristic; 
/T = a specified period, etc. 


4 SCRIPTS ( Continued ) 

e.g., *(1) = the sigma of an in- 
dex (also printed as cr (I) ) 
r | denotes a correlation coefficient 


4 NEW OPERATORS 
? the Question mark, denotes an 
hypothesis, a questioned asser- 
tion, e.g., (I) . T ? = 0, meaning 
that it is unproven whether this 
index is uncorrelated with time, 
i.e., has no time trend 
“ overlining , denotes a geometric 
interpretation, a vector, e.g., 

I = an index vector 
- underlining , denotes indefinite- 
ness; an unwritten, or implicit, 
amount or identity, e.g., PL~ 2 = 
a density ratio with population 
and area not stated 
; the semicolon, denotes any one of 
the basic operators without spec- 
ifying which one; i.e., it denotes 
some unstated form of mathe- 
matical combination, ; = (+, 
~ X, /, :, •, ') 
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4 CONVENTIONAL OPERATORS 
+, 2 denotes addition (+ also de- 
notes a positive quantity, an 
increase. The 2 sign before a 
descript means adding the list 
of aggregated items to get the 
total of such items) 

— denotes subtraction, also a 
negative quantity, or decrease 
X denotes ordinary multiplica- 
tion; a product 

/ denotes ordinary division; a 
ratio 


4 CONVENTIONAL MATHE- 
MATICAL SYMBOLS 

= denotes “is equivalent to” 

= denotes “is identical to” 
denotes “is not equal to” 

> denoting “is greater than” 
< denoting “is less than” 

| j] denotes a matrix 


Other symbols which are the abbreviations of the names of societal 
processes and of other sociological concepts will be found in the topical 
index which gives references to their definitive equations and discussion 
in the text. For references as to the symbols above, consult the word 
which is underlined in the glossary above, in the topical index. 

The dividing of these 32 symbols into “basic” and “auxiliary” is not 
rigid. One or two items might be shifted to the other side of the bound- 
ary line. They represent in general the more used and the less used, the 
more essential and the less essential, symbols in S-theory. Their group- 
ing into sets of four is mostly a natural grouping as they happen to fall 
into classes, but is partly done as an aid to memory. 


The Meaning of the Exponent ( u the Quantic ”) Expanded by Its 

Amount, Sign , and Sector 

| a = the aggregation, or pattern, of exponents in all sectors, the quantic num- 
ber (= | t;i:i; p) 

| '* = the aggregation, or pattern, of exponents (usually only a single exponent) 
in any one particular sector. The more conventional e (or ( e ) denotes a 
single exponent in one sector, whether it is in the post-superscript position 
or not. 


| '* = the homosectoral 
exponent 

I 1 = the temporal 
exponent 

| * — the indicatory 
exponent 

I' 8 ” 1 = a variable, a 

\ tmml = a duration, an 

I 1 " 1 * an indicant, an 

quantity of a 
quality 

I'b-* = scalar product of 

2 variables, in- 

extension in time 

amount of some 

|t -+2 = a cross-classifica- 

characteristic 
|i-2 = a cross-classifica- 

tion of durations, 

tion of two indi- 

eluding a square 

their scalar prod- 

cators, their 

uct, their correla- 
tion 1 

scalar product,^ 
their correlation 
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The Meaning of the Exponent , etc. ( Continued ) 


a variable cubed 
a unit constant j 1 ” 0 
algebraically ; a , 
quality sociolog- ; 
icaily ; a point 
geometrically I 


a date, a point in 
time if de- 
scripted ; dateless 
data at any in- 
definite point in 
time if with a 
zero descript 


r a— 1 


'e— 2 — 


r s— — 3 — 


a ratio, a vari- 
able as divisor 

a variable 
squared as divi- 


a variable cubed 
as divisor 




a velocity, a time 
rate 

an acceleration, a 
time rate of 
change of a time 
rate 




: a skewness index 
: sociologically an 
attribute (i.e., a 
qualitative char- 
acteristic) un- 
differentiated in- 
to amounts ; alge- 
braically, a unit ; 
geometrically, a 
point, one unit 
from zero on the 
indicator dimen- 
sion 

an . indicant as 
divisor, as in an 
index number 


I 1 = the spatial exponent 

a line, a length in physical 
space 

an area, also the scalar product 
of two sets of spaces 
a volume 

a point in physical space, a di- 
mensionless space 


i— i _ 


1—2 — 


1—3 _ 


a line as divisor, “per unit of 
length’ 7 

an area as divisor, “per unit of 
area” 

a volume as divisor, “per cubic 
unit” 




p = the populational exponent 


= a population, a number of per- 
sons or plurels 

= the products of 2 sets of par- 
ties, the interrelation matrix, a 
group 

= sociologically, a party ( = one 
person or one plurel) ; alge- 
braically, a unit of population ; 
geometrically, a point one unit 
from 0 on the population di- 
mension 

= a population as divisor, as in a 
a population rate or percentage 


Appendix II 

RULES FOR WRITING S-FORMULAE 

The general procedure is first to delimit the situation for which a de- 
scriptive S-formula is to be written; then to determine what sectors are 
involved and determine the exponents in each sector; then to fix on 
the class, class-interval, and case descripts; then to write the connecting 
operational symbols; and finally, to check the whole formula to ensure 
that all rules are complied with in a consistent and clear symbolic de- 
scription of the recorded societal situation in terms of the 32 svmbols 
used in S-theory, (T I L P ft X / (I) (I') S Y a * j ;?“ 

= — ^ II ||). These steps are stated below in detail as rules answering 
the questions which the analyst should put to himself. 

I. BASE LETTERS S, T, I, L, P, (1) 

Rule # 1 . S — What is the situation to be analyzed? 

Any convenient set of quantitatively recorded data in the social 
sciences may be marked off as a unit situation, S, for analysis. If upon 
analysis its quantic denotes a contiguous region in the quant ic solid 
it may be a unit situation; if non-contiguous regions are denoted, each 
such region specifies a separate unit situation. A table, graph, map, or 
paragraph is usually the set of data marked off for trial analysis to de- 
termine the unit situation. In general, the test of a unit situation is 
whether it can be unambiguously described by one set of base letters 
and their scripts. An S may be a single index or an aggregation of indices. 

Rule #2. T — Is time explicitly involved in this situation? 

Write T if a date, period, or unit-per-time is specified (such as the 
date of the data, ages, income or expense per year, deaths per month, or 
miles per hour). 

Rule #8. I — Is an indicator involved in this situation? (a) Every 
homosectoral index that is qualitatively characterized is a product of 
an implicit (i.e., unwritten) attribute and a pure index, and is written 
as that index with its scripts 

l\ Pp * Pp, 1/ Tp » T„ I? Lf = Lf 

Rule #4* (b) Write I if any characteristic of people or of their en- 
vironment, other than time, space, population, and their implicit at- 
tributes, is asserted. 

Rule §5. L — Is space involved in this situation? (a) Write L if the 
number of points or units of length, area, or volume are asserted, or in- 
dicated in a map. 
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Rule §6. (b) Underline as indefinite, mapped regions for which the 
areas are not stated numerically, (c) L is not written for areas that are 
merely named. 

Rule §7. P — Is population involved in this situation? 

Write P if a party or parties are named, enumerated, or canvassed, 
in securing the data. A party is a person or a plurel. 

Rule §S. (I) — Are different combinations of T, I, L, or P involved? 

An index (I) may be written to denote a summative combination of 
T, I, L, or P, when such a combination is further aggregated with other 
indices. Addition, subtraction, multiplication, and division are included 
under summative combining. 

Thus, a population rate is written as an index (PT -1 ) = (I) when it 
is correlated with some other index in a population in order to classify 
that situation as a correlation, (I) 2 , of two (complex) characteristics. 

Rule § 9 . Write (T) and scripts s s (T)s to denote a homosectoral index, 
i.e., an index of data from one particular sector, T, I, L,.or P, for con- 
venience in discussing them. Do not use (I') in a full descriptive formula, 
since the sectors that are explicit should be written out. 


//. scripts a: 

A . Exponents = j s or e ( self-multiplication ) 

I 3 = I * I * I 
I 2 = I • I 
I 1 = I 

1 ° = 1 / 1=1 
I -1 = 1/1 
I -2 = 1/1-1 


TIME — What is the temporal exponent, T 1 ? 

Rule § 10 . T°. If time is stated as a single date, named instant, or 
specified point of time, its exponent is zero. 

Rule §11. For timeless data also (such as "2X2 = 4”) the exponent 
is zero, but since the date script here is zero, °|, time is not involved in 
the situation as recorded, and T is not written. 


Rule $12. T 4 * 1 . If a duration of time is asserted, its exponent is plus 
one. Ages of people at any date, and durations from variable initial 
dates on to a common terminal date, are denoted by T +1 . 

Rule §13. T -1 . If an index-per-period is asserted, i.e., if an index is 
divided by a time duration, write T -1 . This denotes a speed, velocity, 
or time rate, of change, or of the on-going of a process. An index stated 
on a series of dates calls for T -1 . 


Rule § 14 . Time rates may be for a change of static indices (which 
are measurable for an instant of time as a census is), or for dynamic 
indices, such, as events, acts, income, and expenditure, which tend to 
vary proportionately with the length of the period observed and vanish 
if only a point of time is considered. 
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Rule §15. Durations from a common initial date on to either, a,, com- 
mon date, or to variable terminal dates are considered as emphasizing 
change, T -1 , rather than duration, 

Rule §16. T -2 , (or T -1 !' - * 1 )- If an index-per-period changes from one 
period to another, write T _1 T“ 1 . This denotes a celeration. To distin- 
guish velocity from celeration, always consider the data as plotted with 
time as one axis (abscissa). Then if the ordinates are static indices, 
the situation involves a velocity; if the ordinates represent dynamic 
indices, or any velocity, the situation involves acceleration. 

Rule §17. T +1 T -1 . If both change and duration are involved, write 
T -1 and T +1 separately, each with appropriate descripts. 

INDICATORS — What is the indicatory exponent, I 1 ? 

Rule §18. For a qualitative characteristic, an attribute, the exponent 
is zero, 1°. Every characterized index is an implicit product of 15 and the 
pure index, but the 1° is considered implicit (i.e., understood) and is not 
written. Qualitative characteristics or attributes other than those 
naming the index are written explicitly. Examples : negro working pop- 
ulation = P, (really I/IhPo); types of machines i in number, with num- 
ber of workers for each type 1° : P, (really I*? : I/Po, where 1 5 = “work- 
ing” and Po = “persons”). 

Rule §19. For a quantitative characteristic (indicant) the exponent 
is one, I, and may be understood without writing it. Quantitative 
characteristics include all-or-none attributes, ordinals (ranks, or unequal 
degrees), and cardinals (multiples of equal units). 

Rule §20. For an index number, i.e., an indicant divided by an in- 
dicant, the quantic digit is plus one. 

Rule §21. A division merely to alter the units to relative terms within 
one sector is not considered in determining the quantic digit, i.e., the 
exponent. 

Rule §22. For two characteristics whose correlation is stated in scatter, 
or coefficient, or other form, the exponent is 2. This is written in the 
descriptive formula by repeating the index (I) +1 (I) +1 . For the variance, 
and for any second moment, the exponent is also 2. 

Rule §28. For a third moment e = 3, for the n-th moment e = n. 

SPACE — What is the spatial exponent, L 1 ? 

Rule § 24 • For a point the exponent is 0. 

For the number of spaces the second exponent is zero and the class 
script is summed. Thus, (L 2 )zi = areas, taken as units, 1 in number. 
21 (L 3 ) 0 = the number 1 of equal volumes. In case of a second exponent 
both are written in the quantic number — thus ] 8 = 0;0;20;0 and O;O;30;O 
for the examples above. 

Rule §25. For a line the exponent is 1. 

For a mean of a series of spaces the second exponent is 1. Thus, 
2(L*)/| a = M L 2 | s == 0;0;21;0. 
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Rule §26. For an area the exponent is 2. _ 

Also for a second moment of spaces (i.e vanance or correlation o 

lint, areas, or volumes) the second exponent is 2. 2(L *)V|a = W)* 
1 8 0 *0 *3 2 *0 

RuU §27. (a) For a volume the exponent is 3 The exponent of 3 also 

denotes the third moment of a distribution of spaces. _ 

(b) The quantic digit denoting the physical dimension is written first 
and the digit denoting the statistical moment is written second, since this 
is the sequence of performing the exponential operations. 

Rule 428 For any index divided by units of length, area, or volume 
the exponent is -1, -2, and -3 respectively. 

POPULATION— What is the populational exponent, P p ? 

429 Tf no population is named or enumerated, the exponent is 
zero (And the class script is zero denoting a “mil” population, i.e., 
one that is non-existent in that situation, P 0 °, and is not written in the 

descriptive formula.) 

Rule §30. If a population is named, or enumerated, or canvassed in 

obtaining the data, the exponent is 1. 

Rule §31. If the ratio of two different populations (other than a part 
to the whole population) is stated, the exponent is plus and minus one, 
p+i-i The quantic number records both exponents, thus |‘ = 0;0;0;19. 
For a part of a population expressed as a ratio to the total, this shift 
from absolute to relative units is not considered as altering the quantic 

digit of 1. Cf. Rule #21. 

Rule 4^2. If stimulus-response interrelations of parties with parties 
are asserted, the populational exponent is plus 2 in the quantic formula 
and is written in the descriptive formula as a repetition of the P, i.e., 

as P : • P- 

QUANTIC — What is the quantic number? 

Rule §33. The four exponents | t:iiI:p , symbolized by | 8 are called the 
quantic number of a situation. 

(a) a “nullarv” index is one with an exponent of zero 

(b) A “primary” “ “ “ “ “ “ “ 1 or 9 

c) A “secondary” “ “ “ “ “ “ “ 2 or 8 

d) A “tertiary” “ “ “ “ “ “ “ 3 or 7 


Rule §S§. 


For e = — 1 write the digit 9 

F or e = —2 or —1—1, write the digit 8 

For e = — 3 write the digit 7 


Rule §35. If more than one exponent occurs in one sector, (a) with 
cross-classified or correlated bases, add the exponents to obtain the 
quantic number, e.g., 


!>• I 


rr 


a = 0;2;0;0, and P p ::Pj 


s 


= 0 ; 0 ; 0;2 
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Rule #86. If more than one exponent occurs in one sector, (h) with 
summated or aggregated bases, write all the exponents to obtain the 
quantic number. Examples: 

1. positive and negative exponents 

Pt^V I s = 0;0;0;19 

2. a second operation of exponents, as in computing a statistical 
moment of spaces 

2(L +1 ) 2 /|i i s = 0;0;12;0 

3. an aggregation of spaces, as areas and lines 

L? : Lt 1 j 3 - 0;0;21;0 

4. contact of interrelated parties 

p P : q P j 8 = 0;0;0;11 

5. a scattergram for a correlation ratio 

il : M I | s = 0;11;0;0 * 

Rule #87. A situation is classified in the quantic classification by the 
first digit in each sector of the quantic number.! Hence in a sector the 
dominant exponent is written first in the quantic number. See examples 
under Rule 36. 

B. Descripts (Aggregations) l\ 8 

Rule #88. For more than one aggregation requiring a classification 
or hierarchy of descripts, use the sectoral letter for the first aggregation 
and the letters following it in the alphabet for the next aggregations, e.g., 

Ii : j : k? Li ; mj Pp : q. : r : sj t : a : vT 

Rule #89. Let the descripts (®| s ) symbolize the pattern of descripts in 
the whole situation, and let this together with the prime denote the 
pattern of scripts in any one sector ||? 

CLASS SCRIPTS | s — -What is the number of classes, i.e., qualitatively 
different indices, in each sector? 

Rule #40. Write | t to denote the number and kind of chronologies, or 
sets of time units. 

Rule #41 . Write | i to denote the number and kind of aggregated in- 
dicators, i.e., recorded characteristics of people, or of their environment 
other than T, L, and P. 

* It may prove desirable to adopt some convention or rule to symbolize differentially a 
second exponent when the bases are aggregated, added, multiplied, or raised to a power. 
At the present stage of development of S-theory this refinement does not seem necessary. 
The quantic digits by this rule, as stated above, reflect the structure of the situation with 

very little ambiguity. . , . 

t Should situations, not yet encountered, occur with exponents m such a way as not to 
fit into the categories above, or as to leave the analyst doubtful as to the correct quantic, 
the digit 5 may be arbitrarily reserved for denoting such, in the quantic number. (5 might 
class with 1 in that it usually denotes some complex index.) 
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Rule # 42 . Write |i to denote the number and kind of aggregated 
spatial regions. 

Rule #43. Write | p to denote the number and kind of aggregated 
qualitatively different plurels, p in number, e.g., a list of nations, a series 
of occupational plurels, etc. 

Rule § 44 . For regional plurels recorded by a map, the qualitative 
characteristics which identify them are denoted by the 1 1 script. 

Rule # 45 . Whenever desired, other letters defined by the legend may 
be substituted for an index with a particular class script. Thus, for a 
valued indicant V for I v ; X, Y, Z, or I, J, K, for I„ I,„ I„„ etc. 


CLASS-INTERVAL SCRIPTS, 3 |— What is the number of class- 
intervals? 


Rule # 46 . Write t T for a series of periods of time, 
of duration T, e.g., 


in number, each 


t T +1 : P a population age distribution 
t T _1 : (I) a time curve of an index 
t : U T~ L a series of periods and subperiods 

Rule §4?- Write J for a series of class-intervals, i| in number, of an 
indicant. This denotes the aggregation of class-intervals, i.e., the scale 
itself. The I, when modified by the pre-subscript, i|, denotes the number 
of I-units in each class-interval. This descript cannot occur on 1°, as it 
denotes quantitatively equal class-intervals, e.g., J = wealth in 5 class- 
intervals of $1000 each, representing a series from 0 to $5000; or again, 
il = school grades in 20 class-intervals of 5 percentage points each, 
representing a distribution ranging from 0 to 100%. 

Rule # 48 . Write i| for an aggregation of equal sects (iL), or equal 
units of area ( 1 L 2 ), or equal units of volume ( 1 L 3 ). 

Rule #. 49 . Write p P for the series of class-intervals of population when- 
ever quantitatively equal and qualitatively interchangeable plurels are 
the units. Thus, for an aggregation of incomes by families, p P : I; or 
for the number of persons in each income class-interval, il : P. 

Rule # SO . Special units may be specified by special symbols, thus : 

= an indicant in standard deviation units 
$1 = an indicant in dollar units 

%I, %P = relative units such as a percent, index numbers, persons per 
1000, which are all percents or further decimals of percents. 
(The quantic digit is 1.) 

p | = plurels as units, i.e., families, schools, churches, corporations 

?(I) = an index in hypothetical units, i.e., uncertain or even unknown 
as yet 


CASE SCRIPTS, 8 1 — What is the number and kind of aggregated 
specified cases, or points, on the index? 



RULES FOR WRITING S-FORMULAE 


909 


Rule # 51 . Write 4 T for the number of specified dates, or for the num- 
ber of punctiform events in sequence where their time intervals may or 
may not' be equal. 

Rule #52. If the dates are an aggregation not in sequence, write *T. 
See S. 45, Ch. X. The quantic digit may be 0, 9, or 1 depending on 
Rules 10-17. 

Rule #58. For a series of consecutive periods of unequal length, write 
tT to show that the initial dates of the varying periods are stated. 

Rule #54. For a series of non-consecutive periods, equal or unequal, 
write a: £T to show that the initial and terminal dates corresponding to 
the periods are specified. 

Rule #55. Write T for the number of listed points such as mean, 
sigma, or other points on an indicant. If the units of the indicant are 
ordinal units such as ranks, or an all-or-none attribute, they should be 
symbolized by the case scripts instead of the class-in terval script, as the 
latter denotes cardinal units, i.e., equal standardized units, e.g., 

T = a series of ranks in some characteristic 
2 I or 1 *°I = an all-or-none characteristic 

Rule #56. Write l L for the number of aggregated points in a line 
( 1 L 1 ), area (T/ 2 ), or volume (T/) . 

Rule #57. Write p P for the number of persons in an aggregation. This 
denotes a list, i.e., aggregation of specified persons, while P denotes a 
single number of persons. 

Rule #58. Write a:z | for the initial and terminal limits. For the singu- 
lar case, a ' :z '| may be condensed to ' : *'|, e.g., 

/ : z"p-H = 10 5-year age periods from age 20 to age 70 

'**'1 = scores on an intelligence test in the range from 40 to 160 
score-points, etc. 

III. OPERATORS 

What is the form of combination, i.e., what are the mathematical 
operations for combining the indices and scripts? 

Rule #59. Use the conventional symbols with their usual meaning in 

mathematics : 

equality, or equivalence, = 
inequality, ^ 

“greater than,” > 

“less than,” < 
identity, = 
addition, S or + 
subtraction, — 
multiplication, X 
division, / or I' 1 
unitary treatment, ( ) 
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a matrix || ]| 

an absolute value regardless of algebraic sign, | | 

separation of items, a comma , 

Rule # 60 . (cf. Rule 39) (a) The summation sign in a descript denotes 
the sum or the number of the entities aggregated. 

Thus, il|s a = i+ili+i+k or P+^lp+q or Lf +m+n , etc. 

(b) This deseript, Sa , can state the order of the matrix, as far as deter- 
mined by the index to which it is attached. Thus, in frequency distribu- 
tions of 5 characteristics each in 20 class-intervals and observed in each 
of 4 plurels, the descriptive formula is Ji : P p , and the order of the 
matrix is : 

si| X | si X |sp or 20 X 5 X 4 = 400. 

(c) The order of the matrix for the class scripts is ordinarily the number 
of dimensions in the situation, i.e., 

|si + |s P = 5+ 4 = 9in this illustration 

Rule #61. The summation sign with the capital letter S in a descript 
may be used to denote the degree of the matrix, i.e., the number of 
letters in descripts: 

Hiss for any one sector, and |||ss for the whole situation 
Thus, 28 = 2 in p : q | 

ss — 3 in t : u : vl and 

Jss 4 in |p : q : r : s 

Rule #62. The colon, denotes aggregation, meaning that each of the 
aggregated items preceding the colon has corresponding further aggre- 
gated items as denoted by the symbols following the colon, e.g., 

t T _1 : P = a population at each of t dates 

t T _1 : P p = an aggregation of p plurels each with a specified number 
of persons, P, on each of the t dates 

Rule #63. The index preceding the colon is the independent or dom- 
inant variable for which dependent values are observed and recorded by 
the index following the colon, e.g., 

il : P = a frequency of persons corresponding to (i.e., depending 
on) each of the class-intervals of the indicant 

P p : I = for each of p plurels (each of which comprises a stated 
number of persons) there is an amount of an indicant 

Rule #61f.. The colon denotes subclassification, especially in the de- 
scripts, e.g., 

Pp : q = p listed plurels, each subclassified into q others 

Rule #65. The double colon, : :, denotes cross-classification of two 
aggregative indices, as in a correlation scattergram, J : : jl : P, or an 
interrelation matrix, p P : : p P : I. 
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Rule § 66 . A subclassification of one set of classes into a second set 
becomes a cross-classification when it is reversible, Le., when the data 
are so presented that the first set of classes could equally well be con- 
sidered as subclasses of the second set of classes. 

Rule §67. Within a sector subclassification is denoted by the colon 
in a script, but for cross-classification the base letter is repeated with a 
double colon between them. 

Rule §68. Cross-classification steps the exponent (the quantic digit) 
up one integer. (Thus, for Ii . - | 8 = t;l;l;p, but for J. :: 3 I j 8 = t;2;l;p.) 


NUMBER — Is the number of indices in a sector singular or plural, 
one or more? 


Rule §69. For one particular index add, or substitute, a prime to the 
descript. 

Rule §70. For the second particular (i.e., identified) index add, or 
substitute, a double prime; then in general: 


M or ,1 = a particular class-interval 
P P " or P„ = a second particular plurel 
p 7 "P or "'P = a third particular person 
t/ v T or , V T = a fourth particular period 
I, v or I v = a fifth particular indicant, etc. 

Rule §71. For an aggregation of indices in a sector write a small letter 
as descript. An aggregation is a series, a list, an itemized collection of 
numbers, which are not added but are merely tabulated, or collected. 

Rule §72. For a single number denoting the number of indices (or 
class-intervals or cases) use a summation sign, 2, before the descript , i.e., 

I? = an aggregation of attributes of i kinds 
I|i = a number, i, of attributes 

Rule §78. In S-theory a small letter descript always denotes an aggre- 
gation, a list of entities, a collection of numbers; a summation sign 
before a small letter in the script denotes an amount, a smgle number; 
a prime on a small letter denotes a particular identified instance of tha 

aggregation, e.g., 


Pp 

Up 

P P ' or P, 


= a list of plurels, p in number 

= a single number, the number of plurels 

= one particular plurel in the list 

= the number of different indicators 

= the sum of the values of the i different indicants 


Rule 471. The dot, •, denotes a scalar product of two vectors and 
statistically denotes the covariance (which when in sigma units becomes 
the correlation coefficient). Hence the dot also denote comtotion 
a l • „ J = rij. This may also be written as an index which is the r be 

a first and a second particular index (I), • t r 
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actors and the recipients respectively, or the first particular factor and 
the second particular factor respectively in the quantic product, P 2 . 
The quantic is I +1 P +2 for this and for the case where plurels replace 
persons in the interrelation matrix, i.e., P p : : P q : (I) ; and P p : : P P : (I) 
(or I p :: q and I p :: P in Brief-S formulae). 

Rule §98. tT -1 : Ii = time curves ]i in number, compared. As corre- 
lation is only indirectly involved through the time component, the in- 
dicants are written as aggregated, not as correlated (= Ji in Brief-S). 

Rule §99. I® T _1 = an event, a qualitative action (a verb) . 

Rule §1 00. Lf : Li = a map of areas with specified lines on it. 
8 = 0;0;21;0, See Rule #36. 

These rules for writing S-formulae may be illustrated by detailed 
analysis of some sample situations as follows: 

Consider S. I, Ch. II. By Rule #1 the two circles and captions of 
“Fig. 4” and “Fig. 5” are marked off as the “quantitatively recorded 
situation” to be described by an S-formula. By Rule #2 a T is written. 
By Rule #3 the qualitative characterizing of time into kinds of ages is 
expressed as the product of an implicit attribute and pure time, and is 
written as T with qualifying scripts. The references to space are merely 
a name “the earth” and are, therefore, not written by Rule #3. The 
population reference also seems too remote from an enumeration or 
canvass to justify writing it explicitly by Rule #4. 

Proceeding to consider exponents, the time is a duration, and by 
Rule #12 is so denoted by an exponent of plus one, T +1 . Considering 
descripts next, two unequal periods are found, one of which is sub- 
divided into 2 further unequal periods. The period script called for by 
Rule #46, is subdivided by using the next letter of the alphabet by 
Rule #38, yielding t uT +1 thus far. Since the periods are unequal, this 
is denoted by asserting a series of initial dates by writing t ST +1 by 
Rule #53. Finally, since the periods are subclassified, the colon relates 
them, yielding the final formula S = t : ST +1 , for which the quantic 
number by Rules #33 and #34 is 1;0;0;0. 

For a second example consider S. 15, Ch. II, census data punched on 
the older type of card for a tabulating machine. “Fig. 228” is the S by 
Rule #1. Time is involved as a date and so is written as T° by Rules #2 
and #10. A party is involved identified by the number “1263,” so P+ 1 
is written by Rules #7 and #30. The entries are an aggregation of char- 
acteristics, some qualitative, some quantitative, so that 1° and I +1 are 
both involved by Rules #4, #18, and #19. Space is not written by Rule #6. 
We now have TT+ip+i and proceed to consider the descripts. For the 
aggregation of characteristics, write I? by Rule #41. By Rule #62 writ- 
ing the colon and I +1 right after I? would mean that some of these at- 
tributes have been quantified, i.e., have corresponding amounts of their 
quality. I 0 - 1 is a condensation for I°,I +1 , an aggregation of qualitative and 
quantitative indicators. Since the date and the person are specified, a 
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prime is written by Rule #69 in the date script on the T and in the 
person script on the P, yielding /r T° 19 • I"^ 1 P 1 thus far. Since . to 
the one date there corresponds one person with his corresponding 
characteristics, the colon connects the items of this aggregation by 
Rule #62. As the characteristics are dependent on the person, the P 
precedes the colon, while the Ps follow it by Rule =63. and all follow 
the date relative to which the data are determined. This gives finally : 

S = 'T° : 'P : I?' 1 with a quantic number by Rule #33 of 0;1;0;1. 

For a third worked-out example of applying the rules for describing 
a situation in standardized symbols, consider S. 18, Ch. II, presenting 
the death rates in various forms of travel. The paragraph from “ rou 
may . . . accident victims” on page 271 of Furnas' book is defined as 
the S-situation for analysis by Rule #1. Time, length, population, and 
characteristics are involved by Rules #2, #3, #5, and #/. Time and 
length are in the denominator, as the data are in units per year per mile, 
and hence have exponents of —1 by Rules #13 and #28. Popu a 10] * a 
ratio of persons dying to total persons and may be WTitten as by 
Rule #50. The qualitative characteristics of five types of transportation, 
1° may be implicitly written as five types of transportation plurels by 
Se dL script oa P by Rule #3. The combination of the TL aad P £ 
dices is by multiplication into the heterosectoral index (T L b J 
Rules #59 and #85. The order is immaterial in an arithmetic prodtrc. 
The aggregation of the five indices for the five plurels git es by Rule # 
the final formula as S = (*PL-‘T-% with a quantic number by Rute 
#33, #34, and #31 of 9;0;9;1, classifymg the situation as a lrneate 

populating process. 



Appendix III 

RESEARCH SUGGESTIONS 

The following list of unfinished tasks, of hypotheses to be tested, and 
of fields to be explored, may be of use to the student who wants to pur- 
sue further original investigation in the field of this volume. 

I. GENERAL PROBLEMS 

1. Most of the formulae in this volume are hypotheses which need to 
be tested. With the exception of the formulae here which are found 
in statistical textbooks and a few other mathematically derived formulae, 
most of the equations propose symbolization for a certain societal con- 
tent. By applying these formulae to large collections of appropriate 
data, their degree of adequacy and criteria for this adequacy may be 
sought. The suitableness of the verbal labels naming the formulae may 
also be scrutinized. Extensive subclassification and intercorrelating of 
the formulae should be further results of these investigations. 

2. A mathematical textbook for sociologists is needed. At present 
the diverse branches of mathematics used in such a study as S-theory 
require a major in mathematics to master. But selections from Algebra 
and Geometry (plane, solid, co-ordinate and n-dimensional), Trigo- 
nometry, Calculus, Matrix and Vector Algebra, and Statistics including 
component analysis and actuarial formulae, could be put together into a 
course of mathematics for the social sciences. A cycle to develop general 
understanding of principles and a further cycle to develop detailed com- 
putational skill in applying these to data might be distinguished in such 
a textbook. 

II. PROBLEMS CONNECTED WITH CHAPTER II— 

THE S-THEORY 

A . Systematization 

3. Systems based on other than the four sectors used here might be 
developed and tried out. Three sectors treating Lj as (I) i, or five sectors 
including money, M, etc., might be explored in a thousand situations 
to see what advantages or disadvantages emerged. 

4. Comparisons with other conceptual and symbolic systems may be 
made. 

a. Thus, Eubank’ s and Von Wiese’s systems might be translated into 
S-symbols with emerging similarities and differences noted. 

b. The extent of overlap between S-theory’s societal categories and 
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those of a general philosophic system such as Kant’s categories of 
quantity, quality, relation, and modality might be explored.* The su- 
periority of one or the other might be experimentally tested by the per- 
cent of agreement of two independent investigators classifying 1000 
suitable items into these sets of categories. 

c. The integration of S-notation and some system of symbolic logic 
might be attempted. See the hypotheses on this in relation to Whitehead 
and Russell's Principia Mathematica in a footnote in Chapter III. 

5. The rarer exponents of the quantic system might be rigorously 
explored. What is the possible meaning of exponents of +3, +4, +5, 
— 2, —3, fractional exponents, etc., in each sector? To what extent 
have situations been published corresponding to these unusual quantics? 


B. Utility 

6. A popularizing textbook testing whether the notation and classi- 
fication of S-theory can be used fruitfully by beginning college students 
in Sociology would be one test of the utility of the theory. 

7. The thoroughgoing application of S-formulae might be attempted 
for each conventional unit subfield of Sociology, clustered around a topic 


* A more explicit lead can be secured from the following tabulation: 
Kant's Categories 


p. 107 1 

p. us t 

Possible or partial equivalents in S-theory to 
be investigated as far as societal phenomena 
are involved 

Quality 

Of Quality 

1° = a qualitative index 

Affirmative 

Reality 

1° = 1, something affirmed 

Negative 

Negation 

I -00 =0, something negated 

Infinite 

Limitation 

I + “ ss oo , something infinite 

Quantity 

Of Quantity 

(I) +1 = a quantitative index 

Singular 

Unity 

'(I) = one case 

Particular 

Plurality 

,(I) = one class-interval, or part 
of all 

Universal 

Totality 

(I), = one class, the whole of one 

« 

kind 

Relation 

Of Relation 

(I) 2 = a relative index 

Categorical 

Of inherence and sub- 

X 2 = correlation of characteris- 


sistence 

tics 

Hypothetical 

Of causality and de- 

T -3 = acceleration, which with I 1 

pendence 

= causation 

Disjunctive 

Of community (reci- 

P s = interrelations of persons m 

procity between agent 

communities and otner 


and patient) 

groups 

Modality 

Of Modality 

(I) 1 *= special subforms of indices 

Problematic 

Possibility-impossibility 

I +i-i = a probability ratio 

Assertoric 

Existence-non-existence 

lo.-® = something existent, some- 

• 

thing non-existent 

Apodeietic 

Necessity-contingency 

I 2 = a correlation of 1.0 or lees 


t Smith, Norman Kemp, Immanud Kant's Critique of Pure Reason, Mac m illa n , 1929, page 681, 
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such as ecology, rural Sociology, population larithmics, culture, com- 
munity, social organization and disorganization, social lag and strain, 
institutions, etc. Can all the quantifiable data in each subfield be ex- 
pressed in S-formulae? Does improved classification, objectivity, pre- 
cision or fruitfulness in stating hypotheses, or in exposing relations, or 
in determining exact degrees of relationship, or in exposing inadequacy 
of the data, emerge? 

Similar studies for cognate social sciences — Anthropology, Economics, 
Political Science, Social Psychology — might be made. 

8. Can dimensional analysis of societal situations be used, as dimen- 
sional analysis is used in Physics (see Bridgeman, P. W., Dimensional 
Analysis, Yale University Press, revised ed. 1931, p. 113), to check upon 
the soundness and the internal consistency of our analyses and compari- 
sons and manipulations of societal situations? 

9. What further concepts (see lists in Chapter XII) of use in the social 
sciences can be defined or be given increased specification by combina- 
tions of the symbols of S-theory? If other symbols were to be added, 
would the range of concepts then symbolizable be proportionately en- 
larged? 

C. Verification 

10. Reliability. What is the percentage of agreement between other 
pairs of analysts on analyzing 1000 S-situations into their descriptive 
and quantic formulae under conditions of training varying from merely 
studying this volume up to adequate background in statistics and the 
social sciences, plus a course in S-theory invoking supervised practice in 
S-analysis? 

11. Geometrical consistency. Can tensor theory be applied to 
S-theory? Can vector products of vectors be utilized? Can some non- 
Euclidean geometry deal more adequately with qualitative phenomena 
(1°); with hierarchies of dimensions, | s ; with the synthesis of exponents 
from the statistical moments and from physical space (L 1 ) 1 ; with nega- 
tive exponents; with aggregates of different exponents in one sector, etc.? 

12. Validity. A published reservoir of several thousand S-situations, 
reliably analyzed into their formulae, would fulfill several functions such 
as: 

a. to test further the correspondence of the theory to societal facts; 

b. to provide teaching material for students studying S-analysis; 

c. to standardize S-notation and the rules of notation further; 

d. to provide data for further research by providing collections of 
situations defining societal “control,” “community,” etc., from 
which further inductions can be made. 

13. A questionnaire to students and critics of S-theory later on should 
reveal what its weak or controversial or unexplored points are and which, 
if any, of these merit further research and in what order of priority. This 
should also reveal research published or in progress, indicating the more 
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fruitful parts of the theory or of the field to which the theory is intended 
to contribute. 

III. PROBLEMS CONNECTED WITH CHAPTER III , 

INDICATORS 

14. The attribute hypothesis, 1° = qualities. 

a. What are the limits of this definitional assumption? Should it 
denote anything namable by a word, or should it be reserved for charac- 
teristics for which indicators of some specified reliability and validity 
have been developed? 

b. What are the best operational rules to standardize for combining 
(i.e., adding, subtracting, multiplying, dividing, aggregating, cross- 
classifying, correlating, equating, etc.) attributes with each other and 
with quantitative indices? 

15. Our elaboration of Bernard's classification of indicators according 
to content needs refining towards the goal of becoming an orderly pres- 
entation of all the raw T data with which a sociologist may be concerned 
in the form of calibrated indices, as fully as the current state of science 
may have developed such calibration. 

16. The increasing-precision-of-measurement hypothesis (that ob- 
servation proceeds from attributes through ordinals to calibrated car- 
dinal indices) needs fuller testing. Are there variant observations not 
included in this series? The boundaries between members of the series 
need sharpening by controlled experiments. Specific technics for cali- 
brating instruments for societal observation need to be invented or 
further amplified. 

17. The fundamental research problem, larger in magnitude than all 
the others listed here when put together, is to develop technics for se- 
curing operationally defined societal data. This is the endless and 
multiform process of inventing and organizing so that attributes can be 
observed as ordinal indicants and these as cardinal indicants, and these 
as further calibrated ones. This process of observing societal facts more 
accurately and in a form which is less dependent upon w ords-naming- 
opinions is the basic process whereby every science makes progress. It 
means the laborious and competent devising of schedules and scales to 
define eventually every concept used in Sociology. Here is work for 
generations of graduate students in hundreds of colleges and research 

agencies. 

IV. PROBLEMS CONNECTED WITH CHAPTER IV, 

PLURELS 

18. Criteria are needed for sharper differentiating of plurels, P p , from 
groups P 2 , when interrelations are inferrable but are not reported in t e 
data as recorded, and for better standardized differentiating of explicit 
plurels, P p (= I^P+O from nul plurels, I?Pq(= I?)- 
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V. PROBLEMS CONNECTED WITH CHAPTER V , 

DISTRIBUTIONS 

19. The hypothesis of a natural range of 12.5cr should be explored on 
biometric, psychometric, and sociometric data. 

20. The properties of epsilon elements which yield distributions which 
are not normal (Gaussian) might be worth discovering. 

21. Following Pemberton’s lead, normal ogives might be fitted to 
other cultural data. Wherever, as in immigration in S. 3, Ch. XI, the 
situation is unfinished, prediction may become possible. 

22. The tension theory should be explored. Will a difference form of 
equation (PD — V = E) handle unlimited, negative, qualitative, and 
other special cases better than the ratio form? What correlations exist 
between the factors under specified conditions, limiting the number of 
degrees of freedom? Can this tension theory be related to any one or 
all of the economic value theories of cost of production, marginal utility, 
etc.? 


VI. PROBLEMS CONNECTED WITH CHAPTER VI , 

CORRELATIONS 

23. The epsilon (e) elements hypothesis should be explored. Can 
experimental or statistical conditions be devised whereby the numbers of 
such elements or societal atoms, constituting observed indices and their 
components, may become determinate? 

24. Stevenson’s “Q-technic” (S. 24, Ch. VI) might be explored. 

25. A large number of problems in component analysis might be sug- 
gested, but there are already many active workers in this field with a 
special journal, Psychometrika, as their organ. 

VII. PROBLEMS CONNECTED WITH CHAPTER VII , 

INTERRELATIONS 

26. The technics of matrix and vectorial algebra might be applied to 
interrelation matrices. W r hat is the equivalent here of a scalar product, 
the correlation coefficient of indicant matrices? Will component analysis 
yield significant results? 

27. The equations for types of leadership and for the boundaries be- 
tween subclasses, or standardized degrees, of isolation, contact, and for 
different particular indices of relationship might be worked out. 

VIII. PROBLEMS CONNECTED WITH CHAPTER VIII , 

DENSITIES 

28. The equation roughly relating density with type of economic pro- 
ductive culture might be utilized in making a trial of the technic of 
converting an ordinal indicant into a calibrated cardinal indicant by 
means of a precise and operationally defined relation to a second indi- 
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cant (Dn). Compare the operational definition of the Centigrade scale 
of temperature where the behavior of one variable (mercury ) is cali- 
brated by its relation to the behavior of another variable (water, when 
it freezes or boils). 

IX. PROBLEMS CONNECTED WITH CHAPTER IX , 

DURATIONS 

29. The technics of insurance actuaries might be translated into 
S-formulae to determine the extent to which sociological theory and 
practical applications in societal predicting can be integrated. 

X. PROBLEMS CONNECTED WITH CHAPTER X, CHANGE 

30. All the processes as defined here are hypotheses which, as noted 
in #1 above, need to be explored. 

31. Sorokin’s mobility propositions might be more rigorously tested, 

32. Tarde’s imitation hypotheses might be more rigorously tested, 
now that more exact formulation has been achieved. 

33. The tension hypothesis (Eq. 39a, Ch. X) of the tension theory 
needs exploring to determine the degree of correlation between societal 
tension and action under specified conditions. (Cf. #22 above.) 

34. Situations involving competing, Cp, should be collected and 
studied in order to induce further sociological generalizations. The 
theory on co-operative and competitive habits developed by the Social 
Science Research Council’s committee (May, Mark A. and Doob, Leon- 
ard W., “ Competition and Cooperation,” Soc. Science Res . Council 
Bulletin , 1937, p. 191), and the data they reviewed should be integrated 
by expressing their “ goals, persons, rules, performances,” etc., in S- 
notation. 

35. The list of aggregated processes might be enlarged and critically 
revised as a preliminary to testing these definitions upon collections of 
appropriate data. What combinative functions are best? Will structural 
formulae (see S. 26, Ch. XI) prove useful? 

XL PROBLEMS CONNECTED WITH CHAPTER XI , FORCES 

36. Now that forces can be measured -wherever the change they pro- 
duce may be measurable, societal forces and their resisting forces need 
to be experimentally isolated and studied under specified conditions. 

(Study Ref. 12.) 

37. Similarly, situations involving measured societal control under 
specified conditions should be collected and inductions of theory derived 

from them. 

XII. PROBLEMS CONNECTED WITH CHAPTER X77, 

APPRAISAL OF S-THEORY 

38. Situations whose properties are predicted by their quantic number 
but which have never been reported in the literature of any of the social 
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sciences for lack of adequate technics of observation should be “dis- 
covered.” By adopting an unreported quantic number, such as 8;2;0;2, 
and devising observational technics under some specified conditions, these 
unexplored sociological regions should be staked out and developed. 

39. For a convenient predictive tool for laymen the whorls of prob- 
ability ogives as in S. 4, Ch. XII might be calculated and published for 
correlations ranging from 0 to 1.0 (perhaps at .05-point intervals), ex- 
pressed in <j (and P.E., and A.D., and percentile) units. 

XIII. PROBLEMS CONNECTED WITH THE APPENDICES 

40. More complete standardization of S-notation, especially for 
Brief-S formulae, should be secured. With the aid of controlled experi- 
ments, measuring the percentages of agreement of independent analysts, 
the relative excellence of any ruling to be standardized may be deter- 
mined. 

41. The formulae for the standard errors of sampling should be de- 
rived for all indices in this volume for which they are lacking, before 
their statistical significance can be determined in given data. 

42. A further study, after a while, to map out areas for further re- 
search studies might be useful in co-ordinating efforts to extend the 
frontiers of knowledge in this field. (Cf. #13.) 
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Assimilarizing, illustrated, 630; limit of, 
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trated, 601 
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Atom, social, 422 
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Attracting, 586, (Eq. 91, Ch. X) 589 
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5a, Ch. VIII) 452; hypothesis, 39, 185; 
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plicit, 84, 125, 139; multiplication of, 
169; product of, (Eq. 9b, Ch. Ill) 141, 
154, 239, 903; product with population, 
207; summed, multiplied, divided. 186; 
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Attribute cluster blocs, 400 
Attribute hypothesis, and mathematical 
rules, 172 

Attribute product, and multiple plurel 
script, (Eq. 46, Ch. IV) 209; illustrated, 
816 

Attribute-space products, 491 
Attribute-time product, (Eq. 8a, Ch. IX) 
497; (Eq. 8b, Ch. IX) 524 
Attribute units, 747 

Attributes, aggregate of changing, (Eq. 
25e, Ch. X) 714; an aggregate change, 
(Eq. 25f, Ch. X) 714 
A-unit, 753 

Base letters, 903 
Behaving, (Eq. 29a, Ch. X) 545 
Behavior, function of, (Eq. 32, Ch. V) 
264 

Binary, celeration, 736; process, 531; 

spatial processes, 726 
Binomial expansion, (Eq. 10, Ch. VI) 382 
Bio-cultural indicators, 149 
Biological indicators, 147 
Biological tension, 267 
Bipartite matrix, 406, 913 
Biplaner surfaces, 404 
Bivalent relation, 406 
Blocs, of interrelations, 399 
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Calendar, world, 508 
Calibrated, indices, 157; units, 89 
Capital letter, as scripts, 54; symbolizing 
indices, 48 
Capitalism, 259 
Capitalistic competing, 560 
Cardinal, 16; indicants, 155; units, 749 
Cartesian co-ordinates, 319 
Case script, indicatory 162 £f.; (Eq. 24, 
Ch. Ill), 194; rules for, 908; the pre- 
superscript, 33, 51 
Cases, 26, 58, 900 

Categories, defined by quantics, 314; 
Eubank’s, 173; Kant's, 917; non- 
overlapping, 346; of Eubank and 
S-theory, 894; of plurels, 212 
Causal analysis, of a case, 517, 614 
Causation, a formula for, (Eq. 15, 
Ch. XI) 822; and correlation, 313; 
canons of, 384; illustrated, 636, 806-7, 
816 

Cause, and mechanism, 348a, 822; illus- 
trated, 7 

Causes, vs. forces, 757 
Celeration, classified by sectors, 740; 
classified temporally, 737; cycle, 
(Eq. 3, Ch. XI) 738; definitions, (Eq. 
la, Ch. XI) 736; fluctuant, (Eq. 4, Ch. 
XI) 739; formulae, 523; standard 
error of, 823; trending, 737 
Cell entries, 44 

Cells, number in quantic table, 45 
Centroids, reduction to, 321 
Change, amount of, 25, 46; see Ch. X, 
528; definitions, 528; standard error of, 
(Eq. 19, Ch. XI) 823 
Chapter sequence, 45 
Characteristics, 25, 26; and indicators, 
153; classes of, 47, 58, 135; definition 
of, 28 

Ciphering, 22 

Class script, 206; examples of, 48; on 
spatial indices, 452; on the indicator, 
144; rules for, 907; the post-subscript, 
33, 46 

Classification, of celeration, 737; of so- 
cietal processes, 586; standardized, 576 
Classification script, (Eq. 4a, Ch. II) 
126 

Classifications, 7; cross, 57; experimental 
verification of, 394; in S-theory, 62; of 
characteristics, 144; of culture, 191; of 
indicators by content, 146; of indi- 
cators by precision, (Eq. 16, Ch. Ill) 
153; of indicators, refined, 919; of 
plurels, 211; of population, 55; of 


sectors, 28; of time, 76, 136; reliability 
of, 190; reversible, 57; societal change, 
530; unsatisfactoriness of, 191 
Class-interval script, spatial, (Eqs. 3, 4, 
Ch. VIII) 489, 908; the pre-subscript, 
33, 81, 219 

Class-intervals, 26; best number of, 191, 
900; quantitative indicators, 49; script, 
153; scripts, 49; spatial, 50, 58 
Classes, 26, 58, 900 
Cliques, 399 

Coercing, 586, 590, (Eq. 91.5b, Ch. X) 
591 

Cohesion, of the group measured, 416 
Colon, analogue of symbol, 126; as sym- 
bol of aggregation, 54; denoting de- 
pendence, 56; double, 57, 77, 78; inter- 
pretations of, 198; rules for, 910; sym- 
bol, 207; unusual subclassification, 
228, 900; with meaning verbalized, 55 
Color, quantified, 39 

Combination, aggregative, 30, 157; and 
in groups, 442; and permutation in 
groups, 412; of attributes, 186; of 
n-things, (Eq. 10b, Ch. VI) 382; of 
symbols, 18 

Commercializing, 587; (Eq. 98, Ch. X), 
734 

Communal, indicators, 152; situations, 
302 

Communality, (Eq. 45, Ch. VI) 338; 

(Eq. 104, Ch. VI) 352 
Communication systems, 149 
Communism, 259 

Community, challenge to test definitions 
of, 442; in India, 215; operationally de- 
fined, 410 

Commutative matrix, 97 
Comparability, of units, 161, 246 
Competing, and co-operating behavior, 
385; equality to monopoly case, (Eq. 
55, Ch. X) 721; illustrated, 613, 632, 
633, 653, 788; in average deviation 
terms, (Eq. 47b, Ch. X) 721; (Eq. 57b, 
Ch. X) 722; index of, (Eq. 47a, Ch. X) 
559, 587; measurement of, 95; re- 
search upon, 921; special cases, (Eqs. 
48-52, Ch. X) 718 
Complex processes, 531, 577 
Complexity, of data handled by matrices, 
156 

Components, analysis of general, 162, 
320, 326; compulsory, 322; interrela- 
tions!, 409, 759; purpose of, 353; reduc- 
tion, 320; technics of analysis, 733; 
units of, (Eq. 102, Ch. VI) 352 
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Composition, of forces, 754 
Compound, change, definition of, 530 
Comprehensiveness, of S-concepts, 834 
Concept, 6; added to S-theory, 91S; dis- 
agreement upon, 24; eventually de- 
fined, 919; number of basic, S95; num- 
ber of in S-theory, 18; of S-theory, 60; 
S-formulae for, 69, 833 
Conflicting, (Eq. 10, Ch. X) 535, 586; 

illustrated, 665 
Consistency, internal, 64 
Contact, combinations, 412; index of, 
(Eq. 13, Ch. VII) 440; matrix, (Eq. 
12b, Ch. VII) 439; societal, (Eq. 12a, 
Ch. VII) 405 

Contacting, illustrated, 669, 670 
Contingency, 312, 336; and interrelation, 
440; coefficient of, (Eq. 51, Ch. VI) 
341; illustrated, 642 
Continuum, interrelational, 397 
Control, 46; as function of science, 3; 
evaluatively neutral, 762; illustrated, 
811; societal, (Eq. 16a, Ch. XI) 760; 
to be studied, 921 

Co-operating, 548, 586; illustrated, 633, 
(Eq. 33a, Ch. X) 714 
Co-ordinates, oblique, 384 
Correlates, 142 
Correlating, 26, 59 

Correlation, 45; analysis of, 319; and 
causation, 313, (Eq. 15a, Ch. XI) 822, 
900; and component analysis, (Eq. ' 
100, Ch. VI) 352; and cosine, (Eq. 52, 
Ch. VI) 342; as a product of proba- 
bilities, 311; as the cosine, 316; biserial, 
(Eq. 36, Ch. VI) 333; coefficient, (Eq. 
3, Ch. VI) 308, 329; curvilinear, 
(Eq. 35, Ch. VI) 332; dependent on 
range, (Eq. 92, Ch. VI) 350; double 
multiple, 354; in geometric terms, 316; 
in terms of probability, 310; inter- 
preted by diagrams, 328; multiple, 
(Eq. 113, Ch. VI) 354; notation for, 
127, 329; notation of, 356; of a sum 
and a part, (Eq. 13b, Ch. VI) 386; of 
ranks, (Eq. 87, Ch. VI) 348; part, 356; 
partial, (Eq. 117, Ch. VI) 355; Pearson 
product-moment, 40; ratio of, (Eq. 4, 
Ch. VI) 380; scattergram, 57, (Eq. 1, 
Ch. VI) 308, 381; spatial, (Eq. 41, 
Ch. VI) 335; surface, (Eq. 39, Ch. VI) 
334; triple, 376; variant forms, 380-1 
Correlation coefficient, 911, 913 
Correlation mechanisms, 352 
Correlation scattergram, 913 
Correlation sign, 57 


Correspondence, criterion of, 70; exter- 
nal, 64; symbol, 77 

Cosine, and interrelationship, 391; as 
correlation, (Eq. 52, Ch. VI) 118, 
342 

Cost of production, theories of, 920 
Covariances, defining-processes, 563 
Cranial capacitv, formulae, (Eq. 18a, 
Ch. IX) 504, 506 

Criteria, for frequencv curves, (Eq. 24, 
Ch. V) 299 

Cross-classification, 26; formula for, (Eq. 
5, Ch. VII) 436; interrelations, 390; 
rules for, 911; sign, 57, 59; table, 
(Eq. 1, Ch. VI) 308 
Cross-scripting, 238, 506 
Crowds, (Eq. 10b, Ch. Mil) 458; for- 
mulae for, (Eq. 11, Ch. VIII) 491; 
photographic example of, 488 
Cubic, class-intervals, 50 
Culture, base, coupled, traits, 156; com- 
plexes, indicators of, 526; example of, 
732; form of descriptive formula for, 
144; indicators, 147; rate of diffusion 
of, 109 

Culture areas, 462; example of, 464 
Culture changes, differential velocities 
of, (Eq. 62b, Ch. X) 724 
Culture traits, hypothesis of, (Eq. 86a, 
Ch. X) 583; longevity of complexes, 
(Eq. 15, Ch. IX) 501 
Cumulating, 549, (Eq. 32, Ch. X) 714 
Customs, 502 

Cyclic eeleration, (Eq. 3, Ch. XI) 738 

Data, need for better, 215 
Date script, 52, 93, 498, (Eq. 11a, 
Ch. IX) 525 

Date, symbol for one, 58 
Dateless situations, 36 
Dates, aggregation of, (Eq. lc, Ch, IX) 
522 

Deceleration, see Celeration, 736 
Decumulating, 548, (Eq. 32b, Ch. X) 714 
Deduction, 9 

Definitions, of sociology, 12; operational, 
156; see Operational, 10 
Degree, of equations, 125, (Eq. 36, 
Ch. Ill) 199; of matrices, X92; of 
matrix, (Eq. 5, Ch. IV) 239; of the 
matrix, 430, 910 
Densating, 574, 726 

Densing, (Eq. 68, Ch. X) 574, 587,^ 728 
D ensi ties, see Ch. VIII, 449; c h ssfsN I o ft* 
tion of, 453 

Densitive situations, 302 
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Density, 46; and culture, 920; and pro- 
ductive-culture, (Eq. 8a, Ch. VIII) 
455; defined, (Eq. 7a, Ch. VIII) 453; 
inverted, (Eq. 7b, Ch. VIII) 454; of 
plurels, (Eq. 9a, Ch. VIII) 490; of 
plurels vs. plurels of, 457 
Depopulating, (Eq. 9c, Ch. X) 534; 
illustrated, 606, 612 

Descriptive formula, as stating findings, 
281; equations, 18, 59; reliability of, 66 
Descripts, 46, 157; rules for, see Appen- 
dices; temporal, 497 

Desiderata, 29, 252 ff., (Eq. 25c, Ch. V) 
253, 263; special cases of, 271; systems 
of, 273; unlimited, (Eq. 42, Ch. V) 270 
Desire, 263; indices of, (Eq. 35, Ch. V) 
265, 305 

Detensing, definition of, (Eq. 35b, Ch. X) 
715 

Deter min ant, of intercorrelations, 352 
Detracting, (Eq. 91, Ch. X) 589 
Diagrams, interpreting correlation, 328 
Differentiation, 145; of plurels, (Eq. 9, 
Ch. IV) 218 

Differing, 544, (Eq. 25b, Ch. X) 713; 

illustrated, 621, 628 
Dimensional analysis, 319, 918 
Dimensions, example of, 197; examples 
of transformation, 320; exponential, 
736; geometrically defined, 165; geome- 
try of, 67; illustrated, 638; in a re- 
corded societal situation, 840; in alge- 
bra vs. geometry, (Eq. 36, Ch. Ill) 
198; number and kind, 48; number in 
the economic process, 712; number of, 
68, 320; number of, (Eq. 35a, Ch. Ill) 
165; number of in a situation, 235, 
430; number of necessary, 199; num- 
ber of populational, (Eq. 19, Ch. IV) 
224; number of spatial, (Eq. 6, Ch. 
VIII) 453; oblique, 199; of societal 
change, 586; of the moments, 243; of 
time, 495; orthogonal, 319; parsimony 
of, 172; physical and statistical, 199; 
physical vs. statistical in the space 
sector, 489; societal, 15, 16; temporal 
geometric interpretation of, 525; vec- 
torial, illustrated, 638 
Diphthong, 84; in index, 210 
Direction cosines, (Eq. 75, Ch. VI) 345-6 
Discriminating, 717 
Dispersing, (Eq. 45a, Ch. X) 557 
Dispersion, graphing of, 289; maximal, 
95, 247 (Eq. 21b, Ch. V), 249; measure 
of, (Eq. 9, Ch. V) 243; of human char- 
acteristics, 303; relation to compara- 


bility of units, 246; relation to proba- 
bility, 245 

Dissimilarity, 145, (Eq. 21, Ch. V) 249 
Dissimilarizing, illustrated, 613, 626, 633, 
645 

Dissociating, (Eq. 6b, Ch. X) 533; illus- 
trated, 612 
Distributing, 726 

Distribution, 45; a list of persons, 913; 
frequency, 56; line of equal, 284; list 
vs. frequency, 242; of indicants, 242; of 
persons, 913; of persons by ages, 913; 
of persons frequency, (Eq. la, Ch. V) 
242; of plurels by size, (Eq. 4, Ch. V) 
294, 913; terms for sections of, 254 
Division, of attributes, (Eq. 7, Ch. Ill) 
187; qualitative, 29, 39, 59 
Divorce, probability of, (Eq. 15, Ch. IV) 
221 

Domestic, indicators, 151, 256; situa- 
tions, 300 

Dot, heavy, 40; meaning of heavy, 57, 
900, 911 

Double colon, 900 
Drives, see Desiderata, 30 
Durating, 36, 575, 586, (Eq. 71a, Ch. X) 
729 

Duration, 34, 35 

Durational, recodispersing, (Eq. 76, 
Ch. X) 731; recovarying, (Eq. 77, 
Ch. X) 731; redispersing, (Eq. 72, 
Ch. X) 731; reranking, 731; revarying, 
(Eq. 73, Ch. X) 731 
Durational populating, 586, 730 
Durational processes, 574 
Durations, see Ch. IX, 495 
Dyad, 399; relation of, 390 
Dynamic, indicants, 101; situations, 36 

“E,” as elements, 183; as exponent, 186 
€ (epsilon), elements, 162 
Earning, process of, 35 
Ecological, matrix, 47 
Economic, 136; indicators, 151, 256; pro- 
duction factors, 185; situations, 300 
Economic process, (Eq. 23a, Ch. X) 540: 

formula of, (Eq. 23b, Ch. X) 712 
Economic tension, 269 
Economic value, (Eq. 41, Ch. V) 269 
Educational, indicators, 151, 257; situa- 
tions, 301; tension, 267 
Effective force, 743 
Effectiveness, of coercing, 591 
Elements, as sociological atoms, 156; 
number of common, (Eq. 19b, Ch. VI) 
387; percent of common, (Eq. 42, Ch. 
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VT) 336; percentage of common, (Eq. 
13a, Ch. VI) 324; properties of, 327 
Ellipses, of correlation, (Eq. 28, Ch. VI) 
331 

Energy, societal, (Eq. 34, Ch. XI) 827 
Engel’s law, 659 
Entropy, a possible parallel, 299 
Environments, 25 

Epsilon elements, hypothesis, 920; hy- 
pothesis of, 324; interrelational, 409; 
properties of, 920 

Equalitarian, interrelation surface, (Eq. 
16, Ch. VII) 442 

Equalization, (Eq. 28, Ch. V) 258 
Equalizing, (Eq. 45b, Ch. X) 557 
Equation, calculative, 59; calculative 
example, 233; descriptive, 59; refer- 
ences to, 124; uses of, 222 
Equilibrium equation, 265 
Equipment, office, store, etc., 149 
Equiproportional, (Eq. 20, Ch. VI) 326 
Equivalence, 901 
“Eq.,” 185 

Error, analyzed, 193; constant, (Eq. 21, 
Ch. Ill) 159; observand, 159; observee, 
159; observer, 159; synthesis of, 338; 
variable, (Eq. 22, Ch. Ill) 159; of 
measurement, (Eq. 46, Ch. VI); vari- 
ance of, 338 
Esthetic indicators, 257 
Ethico-religious indicators, 151, 257; 

situations, 302 
Ethics, 137 

Euclidean geometry, and other, 918 
Evaluating, illustrated, 652 
Event, a qualitative action, 914 
Evolution, formula for, 733 
Evolution-to-normal hypothesis, 252 
Evolving, 587, (Eq. 97a, Ch. X) 597 
Exchange matrix hypothesis, 542 
Experiment, crucial, 9; testing S-theory, 
65 

Experimental testing, of a classification, 
394; of objectivity of concepts, 833 
Exploiting, 587, (Eq. 96, Ch. X) 596 
Exponent, 26; and tension theory, 121; 
indicatory, 38, 58, (Eq. 2, Ch. Ill) 139, 
157; meaning of, 124, 901; of physical 
space, 451; of unity understood, 34; 
populational, 37, 203; positive and 
negative, 76, 107; rules for, 904; spa- 
tial, 33; temporal, 34, 496, 899; the 
post-superscript, 33 
Exposition, tw T o levels of, 23 
External correspondence, criterion of, 
70 


Facilitating force, 754 
Fact, definition of, 6 
Factor, 320, 758 

Families, tvpes of expressed in S-nota- 
tion, (Eq. 14, Ch. IV) 221 
Feelings, see Desiderata, 30 
Financial statement, S-formula for, 713 
Fluctuant celeration, (Eq. 4, Ch. XI) 738 
Folkways, 502 

Force, 36, 46; aggregation of, illustrated, 
790; as a vector, 745; definitional as- 
sumptions, 744; economic attensing, 
802; example of economic, 742; exam- 
ple of educational, 742; illustrated, 
777, 790, 799; measurability of, 821; 
net societal, 77; of public opinion, 742; 
per capita, (Eq. 12, Ch. XI) 751; per 
capita illustrated, 796, 797; physical, 
(Eq. 8a, Ch. XI) 821 ; problem of units, 
illustrated, 800; social, 99; societal de- 
fined, (Eq. 7, Ch. XI) 742; standard 
error of, 759, (Eq. 16, Ch. XI) 823; vs. 
a cause, 757 

Forces, see Ch. XI, 736; compounding of, 
illustrated, 784; of business, (Eq. 9, 
Ch. XI) 746; summation of, illustrated, 
786; systems of, 753; to be experimen- 
tally isolated, 921; units for, 746 
Formula, function of, 502, 545 
Formulae, function of, 505 
Foundations of Sociology , 3, 12, 16 
Frequencies, 5S6 
Frequency distribution, 7 
Fruitfulness, of S-theory, 63 
Function, 126 
F-unit, 753; illustrated, 788 

G and s factors, 322 
Gaussian curve, 383 
Generalization, 6, 7; reason for, 8 
Geometric system, 839 
Geometry, of indicators, 162 ff.; of pop- 
ulational sector, 223; of S-theory, 67 
Gestalt theory, 756 

Goodness-of-fit, of interrelational sur- 
fsc6s 412 

Grading, (Eq. 34, Ch. X), 549; connota- 
tion, 714 

Group-cultural indicators, 150 
Groups, borderline situation, 429, 441; 
contact combinations, 412; defined, 
389; differentiated from plurels, 919; 
interrelational combinations, 414; po- 
litical classification of, (Eq. 13, Ch. 
IV) 220; primary vs. secondary, 240; 
quantic formula, (Eq. 1, Ch. IV) 205, 
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212; sociological, 38; structures, 442, 
(Eq. 10c, Ch. VIII) 458 
Growth, denotation of, 528 

Hatred, quantified, 39 
Hectare, 490 
Hero, 400 

Heterosectoral, indices, 189 
Hirarchical differing, (Eq. 25d, Ch. X) 
713 

Hierarchy, notation for, 913; of attribute 
population products, (Eq. 4c, Ch. IV) 
210; of characteristics, (Eq. 13, Ch. 
Ill) 144; of periods, 55; of persons and 
plurels, (Eq. 7, Ch. IV) 216; of plurels, 
55, (Eq. 3a, Ch. IV) 206; of subclasses, 
86; visualised, (Eq. 36, Ch. IV) 207 
Homosectoral, indices, 189; scripts, 49 
Homosectoral index, 32; rule for, 904; 
symbol for, 58; (Eq. 28, Ch. II) 125; 
899 

Household equipment, 149 
Human category, (Eq. 10a, Ch. VIII) 
458 

Hypotheses, for aggregate processes, 733; 
in S-system, 842; of imitation, (Eq. 80, 
Ch. X) 579; to be tested, 916 
Hypothesis, indicant, 141; e-hypothesis, 
183; J-curve, 250; of a natural range, 
259, 920; of epsilon elements, 324, 920; 
of evolving toward the normal, 252; of 
formulae, 546; of multiplex-elements, 
251; of normal pyramids, 107; of relia- 
bility in science, 761; of tension, 554; 
of the exchange matrix, 542; underly- 
ing this volume, 3; working, 121 

I, see indicator, 31 

Identification, 26; script, (Eq. 49, Ch. II) 
127; sign, 58 
Identity, 901 

I-force, (Eq. 11, Ch. XI) 75i; illustrated, 
772, 773, 776, 778, 780, 782, 813, 814 
Imitation, 579; hypotheses to be tested, 
921 

Implicit, index, 188 
Importance, of coercing, 591 
Income, distributions of, 645 
Indefiniteness, of indices, 490, 188; sym- 
bol of, 84 

Index, formula for, (Eq. 10, Qh. Ill) 188, 
899; implicit, indefinite, and nul, 188; 
rule for, 904; statistical, 7; symbol for, 
32; symbol for homosectoral, 58, 142, 
(Eq. 10a, Ch. Ill) 157 
Indexing, (Eq. 3b, Ch. X) 530, 543, 586 


Index number, 143, 161, (Eq. 11a, Ch. 
Ill) 189 

Indicants, 141; degrees of precision of, 
154 

Indicating, 544, 586; illustrated, 649, 
(Eq. 28, Ch. X) 714 

Indicator, correlated, 142; defined, 145, 
899; definition of, 28; exponent on, 38, 
45, 135; rule for, 903; change, (Eq. 27, 
Ch. X) 714; symbol for, 31 
Indicatory, case script, 52, 162; class- 
interval, 153; class script, 47, 144; 
densities, 462; durations, 501; expo- 
nent, (Eq. 2, Ch. Ill) 139, (Eq. 12, 
Ch. Ill) 143; exponent, rules for, 905; 
formula for, (Eq. 1, Ch. Ill) 136; inter- 
relations, 395; processes, 543. 

Indices, 26; homosectoral, and hetero- 
sectoral, 189; summative, 30, 157 
Individualizing, (Eq. 93b, Ch. X) 594 
Inequality, judgments of, 91, 901 
Inheritance, social, 584 
Insight, in research, 22; into relation- 
ships, 157 

Institutional, groups, 151 
Institutions, type parts, 97, 144 
Insurance, 500, 921 
Integrating, 586, 735 
Intensity, of desire, (Eq. 31, Ch. V) 263 
Intentional, defined, 714 
Interacting, (Eq. 12a, Ch. X) 537 
Interaction, defined, 389; matrix, illus- 
trated, 672; relationships, 396 
Intercorrelations, as direction cosines, 
317; matrix of, (Eq. 43b, Ch. X) 717; 
symbolized by, 912 
Interests, see desiderata, 30, 151 
Interference, in imitation, (Eq. 82, 
Ch. X) 581 

Interrelational combinations, 414 
Interrelation matrix, 88, 103, 205, (Eq. 1, 
Ch. VII) 389; as completer observa- 
tion, 392; as operational definition, 
393; isolating one variable, 392 
Interrelations, 46; a geometric interpre- 
tation, 436; and contingency table, 
440; as a problem, 435; classified by 
content, 394; classified by surface of 
the matrix, 398; classified by the form 
of internal structure, 412; complete 
formula for, (Eq. 4, Ch. VII) 435; def- 
inition, 389; factorable, 409; illus- 
trated, 668; quantic formula for, 390; 
sociological importance, 391; static vs. 
dynamic, 708; summarized in one in- 
dex, 390; symmetric, 405 
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Intolerating, (Eq. 92c, Ch. X) 593 
Inverse, and observe densities, 454 
Isolation, contacting distinguished, 70S; 
forms and consequences of, 404; in 
plurels, (Eq. 10b, Ch. VII) 438; so- 
cietal, (Eq. 10a, Ch. VII) 403 
IQ’s, in S-notation findings, 222 
I-units, 142 

J-curve, Allport’s hypothesis, 250; crite- 
rion of, (Eq. 23, Ch. V) 298 

Kinship groups, 411 

Kurtosis, 125; measure of, (Eq. 11, 
Ch. V) 243, 249, (Eq. 22a, Ch. V) 297 

L, see Length 

Lag, and lead, 565; by types of culture 
traits, (Eq. 86b, Ch. X) 584; interval, 
(Eq. 90, Ch. VI) 349 
Law, in social sciences, 302 
Laws, scientific, 7 
Laws of motion, 822 
Lead and lag, (Eq. 62, Ch. X) 565 
Leadership, 400; equations for, 920; 
formula, defining, (Eq. 8, Ch. VII) 
401, 420, 438 

“Legend,” abbreviation of, 92, 94; func- 
tion of, 80, 598; in S-formulae, 73; re- 
duced, 169; simplified, 281 
Length, symbol for, 32, 899 
Letters, to use as scripts, 47 
Liberating, 592 

Limit, of indices, 158; lower of a matrix, 
31, 196, 899; symbolized by, 52 
Limitation, of S-theory, 842; of S-theory 
to the quantitative, 124 
Limits, of sociation, (Eq. 8, Ch. IV) 217 
Linear class-intervals, 50 
Linear durating, illustrated, 704 
Linearizing, 726 
Lineate densities, 463 
Lineating, illustrated, 673, 726 
Linguistic, indicators, 152; situations, 
302 

Lining, (Eq. 67b, Ch. X) 725, 726 
List-distribution, of persons, (Eq. lb, 
Ch. V) 293; of plurels, (Eq. lc, Ch. V) 

293 

Localizing, 726 

Logic, symbolic and S-notation, 187 


Machines, 149 

Majorates, (Eq. 26d, Ch. V) 254 
Maloperating, 549, (Eq. 33b, Ch. X) 714 
Malthusian theory, 115 


Map of areas with lines, 914 
Mapped regions, rule for, 904 
Marginal utility, theories of, 920 
Mathematics for sociologists, 916 
Matrix, 19; and submatrices, .509; bi- 
partite, (Eq. 14a, Ch. VII) 406, 432; 
degree and order of, SI, 193; degree 
and order illustrated, 63S; degree of, 
107, 172, 910; directional flow within, 
713; example of, 76; in S-notation, (Eq. 
19, Ch. Ill) 157; monogamous, 407; 
notation in, 126; of indicants, 156; 
of rank one, (Eq. 20, Ch. VI) 326; 
order and degree of, 912; order of, 910; 
polygamous, 407; sectioned, 48; sym- 
bol for, 32, 46 

Matrix algebra, and interrelations, 920; 

exposition of, 192, 438; uses of, 439 
Maximates, (Eq. 26e, Ch. \ ) 254 
Maxinormals, (Eq. 26e, Ch. V) 254 
Mean, arithmetic, (Eq. 8, Ch. \ ) 243, 
244; general formula, (Eq. 12, Ch. V) 
295, 899 
Means, 586 

Measurement, 24; improvement in, 160, 
193; research on precision of, 919 
Mechanism, 822 
Mediates, (Eq. 26c, Ch. V) 254 
Medical, and vital situations, 300; in- 
dicators, 151, 256 

Membership, overlapping in groups, 337 
Methodology, 18, 216; concepts, in a 
systematic sociology, 316; hypotheses, 
and notation of S-theory, 463; problem 
of observation, 404 

Migrating, formula of, (Eq. 22a, Ch. X) 
712; illustrated, 664 
Minimal, 401 

Minimality, examples of, 300; types of, 
256 

Minimates, (Eq. 26a, Ch. V) 254 
Mininormals, (Eq. 26a, Ch. \ ) 254 
Minorates, (Eq. 26b, Ch. V) 254 
Mm-unit, 753 

Mobility, 398; derivation of formulae, 
708: equality to monopoly case, (Eq- 
56, Ch. X) 721, (Eq. 57a, Ch. X) 722; 
illustrated, 612, 663; in average devia- 
tion units, (Eq. 16a, Ch. X) 710; into 
of gross, (Eq. 14b, Ch. X) 539, 587; 
index of net, (Eq. 14a, Ch. X) 539; 
matrix, (Eq. 13, Ch. X) 538; sto 
aspect, 437; to be tested, 921 
Mobility formulae, example of use, 710 
Moment, of any order, (Eq. 6, Ch. 
Moments, and correlation, (Eqs. 93-99, 
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Ch. VI) 351; matrix of second, (Eq. 
43a, Ch. X) 717; of distributions, 242; 
processes defined by, 570 
Momentum, of a societal change, (Eq. 
78a, Ch. X) 578; sample of literacy, 
(Eq. 79, Ch. X) 579, 587, 732; standard 
error, (Eq. 88, Ch. X) 732, (Eq. 16, 
Ch. XI) 823 
Money, 161 

Monoplanar interrelation surface, (Eq. 

15, Ch. VII) 442, 408, 417 
Monopolistic trend, illustrated, 788 
Monopoly, dispersion in, (Eq. 19a, Ch. 
V) 297; index of, (Eq. 20, Ch. V) 248; 
its formula, 95 
Mores, see Desiderata, 30 
Mortality, process of, 35 
Motivations, see Desiderata, 30 
Multiple, descript, 157; plurel script, 206 
Multiple correlation coefficient, 912 
Multiple-membership, technics for deal- 
ing with, 710 

Multiplex elements, hypothesis, 251 
Multiplication, of attributes, (Eq. 6, 
Ch. Ill) 187; qualitative, 39 
Multiplying, 26, 59 

N-dimensional space, 840 
Negative exponent, (Eq. 1, Ch. IV) 238 
Newton's laws of motion, 743 
Non-determination, coefficient, (Eq. 14, 
Ch. XI) 756 

Normal correlation surface, (Eq. 39, 
Ch. VI) 334 

Normal curve, 109, 251, (Eq. 15, Ch. V) 
295; illustrated, 797 
Normal ogives, fitted, 920 
Normals, (Eq. 26c, Ch. V) 254 
Norms, 244 

Notation, as methodological hypotheses, 
463; of matrix algebra, 19; of S-theory, 
329 

Nul, population, (Eq. lb, Ch. IV) 204; 

index, 126, 188, (Eq. la, Ch. IX) 522 
Nullary, 41; indicatory processes, 544; 
indices, 185; populations, (Eq. 4a, 
Ch. X) 204, 531; processes, 570, 586; 
temporal processes, 575 

Objectivity, of S-concepts, 833 
Observation, 5 

Operating, 549, (Eq. 33, Ch. X) 714 
Operational, 6, 12; definitions, 6, 10, 
156 

Operational definitions, limitations of, 
725; not achieved, 894; of force, 743; 


of interrelations, 393; of societal con- 
trol, 761; of sociology, 12, 181; trial of, 
921 

Operational meaning, of the exponent, 
496 

Operational rules, for combining attri- 
butes, 919 

Operationally defined data, 919 
Operations, sequence of, 723 
Operators, 54; rules for, 909 
Opposing, 587, (Eq. 95, Ch. X) 596 
Order, of a matrix, 193, 430, 910 
Ordinal, 16; indicants, 154; numbers, 
104; scales, 15; units, 748 
Ordinating, (Eq. 61b, Ch. X) 724 
Ornaments, 147 

Overlining, denotation of, 132, 900; de- 
noting a vector, 912 

P, see Persons, 32 
P 2 , explained, 390 

Parallelogram, of vectors, (Eq. 62, Ch. 
VI) 343 h1 

Paraphrasing, of sociological concepts, 69 
Parentheses, denotation of, 77 
Parenthesis, meaning of, 912 
Parsimony, furthered by symbols, 51, 60; 
of dimensions, 172, 320; of S-concepts, 
834; of symbols, 22 
Partial correlation coefficient, 912 
Participant, predictions, 844 
Particularity, sign for, 58 
Party, 203 

Path coefficients, 347 
Pathology, social, 255 
Patterns, analyses of societal, 733; tool 
for measuring, 58 

Peaks, example of, 422; on the interrela- 
tional surface, 399 
Pearl, 849 
People, 25, 203 

Peopling, (Eq. 3a, Ch. X) 530, 532 
Per capita index, 37 

Percentages, 161; derivation of, (Eq. 17, 
Ch. Ill) 192, 748 

Percentiles, notation for, 913; S-notation 
for, 296 
Percept, 6 

Period scripts, 509; variants of, (Eq. 9a, 
Ch. IX) 524 

Periodizing, 575, 586; celeration of, (Eq. 
6a, Ch. XI) 821; the formulae for, 
(Eq. 70a, Ch. X) 729; illustrated, 
666 

Periods, of the past, (Eq. 16, Ch. IX) 
503 
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Permutations, of p parties, (Eq 20 
Ch. VII) 444 4 ’ 

Persecuting, 587, (Eq. 99, Ch. X) 734 
Person, group matrices, 411 
Person script, 53, 93, 219, (Eq. 12, Ch 
IV) 240 

Personal-cultural, indicators, 150 
Personality, 144 

Persons, symbol for, 32; symbol for one, 
58, 203 

Persuading, 592 

P-forces, 747; illustrated, 764, 765, 767, 
818, (Eq. 10, Ch. XI) 822 
Philosophies of tension, (Eq. 43, Ch V) 
270 

Physical, indicators, 146; dimensionality 
of space, 489 

Physico-cultural indicators, 147 
Plan, Five-Year, 114 
Planes, of interrelational surface, 404 
Plateaus, of the interrelational surface, 
404 

Plurel, 38; and thequantic classification, 
205; script, 206 
Plurelizing, 586 

Plurels, 45 ff., 203; and the quantic 
classification, 205; by size, 237; classi- 
fication of, 211; differentiated from 
groups, 919; of density^ (Eq. 9b, Ch. 
VIII) 490 

Plurels-by-size, distribution of, 617 
Plurels of density, 457 
Point scripts, spatial, (Eqs. 1-3, Ch. 
VIII) 488 

Political, and legal situations, 301; indi- 
cators, 151, 256; science, 136; tension, 
266 

Polyplanar surface, 411 
Populating, (Eq. 9a, Ch. X) 533; com- 
ponents of, (Eq. 11, Ch. X) 536, 586 
Population, 26; attribute product, (Eq. 
4a, Ch. IV) 208; definition of, 27, 58; 
implicit and nul, 239, 899; indices, 203; 
nullary, primary, and secondary, 204; 
rule for, 904; sector, 201 ff. 
Population pyramid, (Eq. 12, Ch. IX) 
498; inferences from, 499 
Population score matrix, (Eq. 119, 
Ch. VI) 357 

Population sector, class-interval, 51, 
(Eq. 7, Ch. IV) 216, 306 
Populational, case script, 52; class- 
intervals, 51; densities, 454; durating, 
587, 730; durations, 498; exponent, 
rules for, 906; exponent, 203 ff., 219; 
interrelations, 398; processes, 532 


Populationless situation, 37 
Post-subscript, 46, 206 
Postulates, 3; Lundberg, 16; underhung 
change, 706 

Power, societal, (Eq. 35, Ch. XI) 827 
Practice, improvement in S-analvsis, 66 
Precision, of S-concepts, 833 
Precision in measurement, of S-theorv, 
61; theory of, 14 

Predicting, as function of science, 3; by 
calibration, 851; by classifying condi- 
tions, 851; by intensity of desire, (Eq. 
4, Ch. XII) 853; by multiple correla- 
tion, 852; by projecting a trend, 875; 
by stabilizing the indices, 852; illus- 
trated, 856; in S-theory, 844; princi- 
ples for, 850; varying with immediacy, 
853 

Prediction, accuracy increasing with sub- 
classification, (Eq. 3, Ch. XII) 895; 
accuracy of, (Eq. 2, Ch. XII) 850; by 
distribution curves, SS4; dynamic, 
849; formula for, 894; from a type, 
865; from correlation, 330, 354, 847; 
from joint probability, 866; from sum 
of probabilities, 846; from typical 
temporal pattern, 868; nul cells, 156; 
participant, S44; probability vs. relia- 
bility, 895; static, 845; technic for, 862 
Prestige, ratio of, (Eq. 81, Ch. X) 580 
Presuperdescript, 162 
Primary, 41; indicatory processes, 544; 
indices, 185; populations, 204, (Eq. 
4b, Ch. X) 531; processes, 570, 586; 
temporal processes, 575; vs. secondary, 
411 

Prime, meaning of symbol, 58, 900 
Primed script, 206 
Principia Mathematical 126 
Principle axes, 321, (Eq. 29, Ch. VI) 
331 

Pre-subscript, 49; indicatory, 51, 153 
Probability, alternative, (Eq. 9, Ch. VI) 
382; and causation, 313; joint, 311; 
laws of, 111; normal, 295; ogives to be 
calculated, 922; of being normal, (Eq. 
14, Ch. V) 245; of coercing, 592; of 
generalized elements, 327 ; simple, 310; 
temporal, (Eq. 7c, Ch. VI) 381; whorl, 
341 

Problem, in scientific method, 5; social, 
256 

Problem-solving, Dewey’s steps, 5 
Process, deductive variation of, 707; de- 
notations of, 528; Von Weise’s formula 
for, (Eq. 38a, Ch. X) 554; Von Weise’s 
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formula for discussed, (Eq. 38b, Ch. 
X) 715 

Processes, 46; by form not content, 571; 
complex, 577; definition of aggregated, 
588; Eubank’s list of characteristics, 
706; formula for, 304; nomenclature, 
716; research on aggregated, 921; sum- 
mary of the single, 585; terminology 
530 

Product moment, 307 
Progress, (Eq. 27, Ch. V) 258; denota- 
tion of, 528 

Progressing, (Eq. 34a, Ch. X) 549; illus- 
trated, 613, 633 

Prolonging, (Eq. 71b, Ch. X) 729 
Proselytizing, (Eq. 92a, Ch. X) 593 
Puncting, (Eq. 67a, Ch. X) 725, 726 
Pure, indicant, (Eq. 9a, Ch. Ill) 141; 
population, 207 ff. 

Purpose, of human life, 831; of this vol- 
ume, 3 

Pyramid, population, (Eq. 12, Ch. IX) 
499 

Q-technic, in correlation analysis, 358; 
to be explored, 920 

Qualitative, 15; combination, 779; de- 
sideratum, (Eq. 48, Ch. V) 273; quan- 
titative product, 527 
Qualitative change, illustrated, 622 
Qualitative product and qualitative 
ratio, (Eq. 12a, Ch. VIII) 491 
Quality, 39, 45; and nullary processes, 
569; as directions, 67 
Quantic, formula, 40; hypothesis, 41; 
number, 40; “solid,” 69, 117; system, 
839; Table, 69 

Quantic classification, 44; reliability of, 
65, 736 

Quantic formula, categories defined, (Eq. 
11, Ch. VT) 315; negative digits in, 
125 

Quantic number, 44; illustrative S-situa- 
tion, 73; in an aggregated situation, 
794; of unrecorded situations, 45; rules 
for, 906 

Quantic solid, sequences of the topics, 
437, 841 

Quantitative, concept of, 14, 15; indica- 
tors, 139, 140; multiplication, (Eq. 6, 
Ch. IV) 239; under development of, 17 
Quantity, 39, 45; and primary processes, 
659; as directions, 67 
Quaternary, process, 531 
Question mark, 900 
Quinary, process, 531 


Racial, indicators, 152, 256; situations, 
301 

Range, hypothesis of a natural, 259, 302; 
hypothesis upon, 920; in correlation, 
(Eq. 92, Ch. VI) 350; normally dis- 
tributed characteristic, (Eq. 30, Ch. V) 
261 

Ranks, 161; of the matrix, 199, 748; sym- 
bolized by, (Eq. 18a, Ch. Ill) 192 
Ratio correlation, 332 
Realistic societal analysis, 576 
Re-arealing, 726 

Recodispersing, 563, 568; illustrated, 662, 
(Eq. 60a, Ch. X) 723, 809 
Reco-ordinating, 564, 568; illustrated, 
642, 643, 662, (Eq. 61a, Ch. X) 723^ 
Recorrelating, (Eq. 42, Ch. X) 555, 568; 

and redeviating, 717; limits of, 725 
Recovarying, (Eq. 89, Ch. VI) 349, (Eq. 
65, Ch. X) 567, 568, 657; celeration of, 
(Eq. 6c, Ch. XI) 821; illustrated, 635, 
637, 805, 807 

Recreational, indicators, 151, 257; situa- 
tions, 301 

Redeviating, (Eq. 41, Ch. X) 555, 568; 
and recorrelating, 717; limits of, 
725 

Redispersing, (Eq. 45, Ch. X) 557, 568; 
and recodispersing, (Eq. 59, Ch. X) 
723; and reordinating, (Eq. 45c, Ch. 
X) 718; example of, 893; illustrated, 
656 

Redurating, 576, 587 
Reference points, 155 
Refraction, in imitation, (Eq. 83, Ch. X) 
581 

Regions, 47 

Regrading, (Eq. 57b, Ch. X) 722 
Regressing, (Eq. 34b, Ch. X) 549; illus- 
trated, 613 
Regression, 329 

Reindicating, 555, 587; summarizing 
table, 568 

Relations, and secondary processes, 569; 
example of, 422; in-, out-, intra-, 
extra-, and inter-, 403; one-way, 406 
Relationship vs. process, 530 
Relationships, 45; Eubank’s classifica- 
tion of, 395; societal, 437 
Relativity, of indicators and subclasses, 
145 

Reliability, 338; correlations, 912; experi- 
ment to test, 918; of S-theory, 65 ff., 
158, 245 

Religious tension, 269 
Relining, 726 
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Remapping, 574, 587, 727, (Eq. 69, 
Ch. X) 729 

Reordinating, (Eq. 46a, Ch. X) 557, 568; 
example of, 718; illustrated, 649; re- 
lated to redispersing and reranking, 
718, (Eq. 57e, Ch. X) 722 
Repopularizing, (Eq. 57c, Ch. X) 722 
Repopulating, 587, (Eq. 57a, Ch. X) 722 
Representatives, of sampling, 160 
Reranking, 566, 568, (Eq. 86, Ch. VI) 
348; celeration of, (Eq. 6d, Ch. XI) 
821; formula for, (Eq. 64a, Ch. X) 724; 
illustrated, 662 

Rescheduling, 576, 587, (Eq. 74, Ch. X) 
731 

Research, fundamental problem, 919; 

suggestions, see Appendix III, 916 
Resisting force, 754 
Resolution, of a force, 754 
Respatiating, 587, 726 
Response, to situations, 19 
Retensing, illustrated, 625, (Eq. 57d, 
Ch. X)722 

Revaluating, (Eq. 53a, Ch. X) 561; 
equality to monopoly, (Eq. 54c, Ch. X) 
721, (Eq. 57c, Ch. X) 722; illustrated, 
613, 625 

Revarying, (Eq. 58b, Ch. X) 563, 568, 
(Eq. 58a, Ch. X) 723; celeration of, 
(Eq. 6b, Ch. XI) 821 
Revoluming, illustrated, 693 
Revolution, societal, (Eq. 5, Ch. XI) 739 
Ridges, defined by equations, (Eq. 9, 
Ch. VII) 438; on the interrelation sur- 
face, 400 

Rules, for combining attributes, 186; for 
S-formulae, 67 

Rural and Urban Sociology, 456 
Rural sociology, 34 
Russian Five-Year Plan, 275 

Sampling, error, (Eq. 21a, Ch. Ill) 
158 £f. ; of S-situations, 70, 71 
Sampling error, and size of sample, (Eq. 
14a, Ch. IX) 500 

Scalar product, 40, 57, 127, (Eq. 29, 
Ch. Ill) 196; formulae for, (Eq. 6, 
Ch. VI) 381; of two vectors, (Eq. 57, 
Ch. VI) 343, 911; of vectors, 309 
Scattergram, formula of, 57, (Eq. 1, 
Ch. VI) 381, 329 

Science, classification of, 78; content of, 
4; function of, 3, 831 
Scientific method, 5; illustrative S-theory, 
73; variants in, 11 
S-concepts, comprehensiveness of, 


in understanding society, 833; ob- 
jectivity of, 833; parsimony of, 834; 
precision of, 833 

Scriptal position, denoting an aggrega- 
tion, 382 

Scripts, 32; aggregative, 46; and lettens 
used, 192; and successive letters, 189; 
base for, 125; capital vs. small letters, 

54, 58; pattern of, 907; person, 219; 
plurel, (Eq. 3a, Ch. IV) 206; rules for, 
904 

Secondary, 41; indicatory processes, 555; 
indices, 189; populations, 204, (Eq. 4c, 
Ch. X) 531; processes, 570, 587; tem- 
poral processes, 576 
Secondary durational processes, 730 
Secondary processes, special cases, (Eq. 
54a, Ch. X) 720; terminology of, 
722 

Section, of a matrix, 48 
Sector, compared with Eubank’s cate- 
gories, 137; definition of, 31, 58; num- 
ber of, 123, 136, 185; order of presenta- 
tion, 138; selection of, 450 
Sectoral S-formula, 53 
Selection, statistical, 9 
Semicolon, as operational symbol, 59, 900 
Separating, (Eq. 90a, Ch. X) 589 
Sequence of topics, 185; denotation of, 
529; formula for, 706 
Sex ratio, and age, (Eq. 13b, Ch. IX) 499, 
525 

S-formula, analysis illustrated, 914; for 
cognate social sciences, 918; descrip- 
tive vs. calculative, 105; rules for writ- 
ing, 903; sectoral, 53; standardized 
patterns, 913; versatility of, 287 
Shortening, (Eq. 71c, Ch. X) 729 
Sigma, in S-notation, 387 
Significance, of any difference, (Eq. 17, 
Ch. V) 296; ratio, (Eq. 63, Ch. X) 724; 
ratios, (Eq. 21, Ch. Ill) 159 
Similarizing, dissimilanzing, and assimi- 
larizing, 544, 586 
Similizing, (Eq. 94b, Ch. X) 595 
Simple processes, 531^ 

Single change, definition erf, 530 
Single processes, 586 
Singular, descript, 157; script, 127 
Situations, 58; defined, 903; definitkmof, 
6; examples by institutions, 300; rela- 
tivity of, 153; sample of, 73, 4l6; tob* 
discovered, 921; unitary, 129; unitary, 
illustrated, 654, 678; imobserved 
predicted, 45 

Skewing, (Eq. 66a* Ch. X) 569 
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Skewness, 125, 143; discussed, 725; 

measure of, (Eq. 10, Ch. V) 243, 249, 
586 

Slope, of the interrelational plane, 409 
S-notation, comprehensiveness of, 651; 

to be standardized, 922 
Social, 13; nine senses of, 24 
Social distance, critique of, 402; in Syria, 
417; religions, 88, 395 
Social distance margin, 405; formula for, 
(Eq. 6, Ch. VIII) 437 
Social problems, 255 
Social sciences, 14 

Socializing, 586, (Eq. 93a, Ch. X) 594 
Sociating, (Eq. 6c, Ch. X) 533; limits of, 
707 

Sociation, 217 
Societal, 13 

Society, 13; formula for the organization 
of, 435 

Sociologists, mathematical textbook for, 
916 

Sociology, and statistics integrated, 848; 
as social science, 13; concept of, 12; 
corollary of the definition of, 572 
Sources, of sociological observation, 502 
Space, 26; definition of, 26, 58, 123; 
physical as a sociological category, 449; 
rule for, 903 

Space sector, notation of, 451; see Part 
IV, 447 

Spacing, (Eq. 3c, Ch. X) 531, 573, 586 
Sparsing, 729 

Spatial, case script, 52; class-interval, 50; 
correlation, (Eq. 41, Ch. VI) 335; 
densities, (Eq. 13, Ch. VIII) 491; dis- 
tributing, 573; durations, (Eq. 17, 
Ch. IX) 504; interrelations, 397, 726; 
terminology of process, 728 
Spatial dimensioning, four classes, (Eq. 
67, Ch. X) 725, 726 

Spatial exponents, (Eq. 2, Ch. II) 124; 
rules for, 905 

Spatial processes, 573; conspectus of, 
726; double classification of, 573; sub- 
classified, 728 
Spatializing, 586, 726 
Spatiating, 586, 726 
Special case, S-theory, 59 
Specialists, as defining plurels, 214 
Specifications, of this volume, 24 
Specificity, (Eq. 45, Ch. VI) 338 
Sporting, 587, (Eq. 101, Ch. X) 734 
S-situation, 31; sample of, 167, 224, 279; 
see 300 illustrations appended to Chs. 
II-XII 


S-space, and subspaces, 68 
2 symbol, 510 

S-system, in understanding society, 839 
Standard deviations, 161, 243; in monop- 
oly, (Eq. 19a, Ch. V) 297, 899 
Standard error, for a force and its fac- 
tors, (Eq. 16, Ch. XI) 823; for societal 
force, 760; formula for, (Eq. 14b, 
Ch. IX) 525; momentum, (Eq. 88, 
Ch. X) 732; of a standard deviation, 
(Eq. 16b, Ch. V) 296; of arithmetic 
mean, (Eq. 13, Ch. V) 295; of differ- 
ence, (Eq. 18, Ch. V) 296; of Kurtosis, 
(Eq. 16d, Ch. V) 296; of skewness, 
(Eq. 16c, Ch. V) 296; to be derived, 
922 

Static situations, 36 

Statistical dimensionality, of space, 489 
Statistical series, 185 
Statistics, 19; and sociology integrated, 
848 

Status relationship, 396 
Step-interval, 15 

S-theory, a mnemonic phrase for, 128; 
adequacy of, 70; algebraic statement, 
59; and psychology, 640; and under- 
standing phenomena, 832 ; appraisal of, 
see Ch. XII, 831; characterized, 8, 14; 
classification in, 62; contribution to- 
ward controlling phenomena, 854; 
criticism of, 918; development of, 120; 
early form of, 130; formulae, 73; fruit- 
fulness of, 63; geometry of, 67, 120; 
glossary of symbols, 899; in all social 
sciences, 392; limitations of, 842; nota- 
tion as methodological hypotheses, 
463; parsimony of, 60; precision of, 61, 
128; preliminary statement of, 25; re- 
liability of, 65 ff., 128; revision of, 130; 
utility of, 60, 917; verbally stated, 58; 
verification of, 64 

Straight line, equation of, (Eq. 12, 
Ch. VI) 319 
Stratification, 249 

Stratifying, 587, (Eq. 100a, Ch. X) 734 
Structure, of a “loose” situation, 519 
Subclasses, 145 
Subclassification, 86, 207 
Subclassifying sign, 54 
Subindicators, 29 

Subnormality, methods of reducing, 258 
Subnormals, (Eq. 26b, Ch. V) 254 
Subtracting, 26, 59; of attributes, (Eq. 5, 
Ch. Ill) 186 

Summary, of S-theory, 58 
Summative combination, 732 
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Summum bonum, 831 
Superordination, 249 
Supernormals, (Eq. 26d, Ch. V) 254 
Surfaces, biplanar, 404; interrelational, 
398; interrelational formula, (Eq. 17, 
Ch. VII) 442; goodness-of-fit of, 412; 
monoplanar, 408; polyplanar, 411 
Symbolic substitution, 857 
Symbols, and data, 598, 893; clarifying 
of, 23; glossary of, 899; need for, 20, 
21; number of in S-theory, 18; of S- 
theory, 31; precision of, 24; resistance 
to, 22; the difficulty of learning, 20; 
usual mathematics, 127; verbal vs. 
algebraic, 19 

Synthesis, of sectors, see Part VI, 829 
System, 8; concept of, 18 
Systematics, of the quantic formula, 
(Eq. 11, Ch. VI) 315 
Systematization, 6; research upon, 916 


definition of, 27, 123; rate, 34; Sector, 
see Part V, 493; series, 56; series, cor- 
relation of, (Eq. 89, Ch. VI) 349; sym- 
bol for, 31; units of, 48, 58 
Timeless situations, 36 
Timing, (Eq. 3d, Ch. X) 531, 574, 586; 
celeration of, 741 

Tolerating, 586, (Eq. 92b, Ch. X) 593 
Tools, 149 

Topographical, index, 463; indicators, 
191 

Topology, 129; illustration of, 673 
Transformations, from intercorrelations, 
353; utility of, 320 
Transportation systems, 149 
Trend, 349 

Trending celeration, (Eq. 2, Ch. XI) 737 
Triangular matrix, 404 
Truth, two tests of, 64 
Type, symbolized, 104, 430 
Typical persons, reduction to, 323 


T, see Time, 31 

Temporal, case scripts, 51; class-inter- 
vals, 49; class script, 48; densities, 463* 
exponent, 495; exponent, rules for, 904 
index, secondary, (Eq. 7, Ch. IX) 524 
interrelations, 397; scripts, (Eq. 2.3, 
Ch. IX) 522 

Tensing, (Eq. 35, Ch. X) 550, 587, 714 
Tension, and cause and force, 759; and 
societal processes, 276; hypothesis, 
(Eq. 39a, Ch. X) 554, 921; index, (Eq. 
34a, Ch. V) 265; measured, 653; nu- 
merical examples, 266 
Tension equation, an illustrative situa- 
tion, 802 

Tension theory, 108, 121, 262; explored, 
920; illustrated, 779, 802, 820; indicant 
in, (Eq. 37, Ch. V) 304; lack of con- 
cepts, 305; matrix equation*)!, (Eq. 49, 
Ch. V) 273; simple, (Eq. 34b, Ch. V) 

265 

Tensions, illustrating, correlation of, 635 

Tensor theory, 918 
Terminology, for processes, ozy; 

spatial processes, 728 _ 

Ternary, celerations, 741; process, 5 , 

spatial processes, 726 . 

Tertiary, 41, (Eq. 4d, Ch. X) » Ju- 
dicatory processes, 568; processes, , 

587 

Tetrads, 326 

Theory, 8; in Sociology, 121 
Therapy, social, 257 
Threatening, 592 

Time, 26; conception of, 524; curves, 91 , 


Underlining, 900; denoting indefinite- 
ness, 77, 912 

Understanding, as function of science, 3; 

of phenomena, 832 
Unemployment, formulae relating, 78 
Uniformity of nature, assumption of, 383 
Unifying, 586, (Eq. 90b, Ch. X) 589 
Units, common and diverse, 190; com- 
parable, 161; comparable for P, 
converted from ordinal to cardinal, 
490; development of, 161; of ethical 
evaluation, 183; of force, 745, 746; of 
observation, 32, 122; of tension, 305, 
of value, 91; of varying precision, (Eq. 
16, Ch. Ill) 153; situation hypothesis, 
129; specified by class-interval, 50; 
symbols for, 126 
Univalent relation, 406 
Unknown situations, predicted, 45 
Unknown, in equations, 59 
Unlimited, desideratum, (Eq. 4/b, Ch. V) 
272 

Unreliability, of analysis, 171 

Urban, sociology ,34 , - 

Utility, of S-theory, 60; of S-theory to 

explored, 917 

Validity, 19, 160; research upon, »» 
Valuating, (Eq. 30, Ch. X) > 

Value, attributes, (Eq. 25a, 

index, 899; indicants, (Eq. 25b, Ch. V ) 
253; of indicators, 191; plurds, 218, 
see Desiderata, 29 
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Variance, 143, (Eq. 9, Ch. V) 243; of 
interrelations, 392, 587; of true score, 
(Eq. 47, Ch. VI) 338; of variables, 
(Eq. 120, Ch. VI) 357 
Variating, 587, (Eq. 94a, Ch. X) 595 
Variation, (Eq. 21c, Ch. V) 249 
Vector, addition, subtraction, and multi- 
plication of, 195; and operators, 164; 
and scripts, 162 ff.; defined, 67 ff.; divi- 
sion of, 198; examples of transforma- 
tion, 384 f.; formula, 164; oblique and 
orthogonal, 346; of S-theory, 119; sheaf 
or ray, 163; transformation of, 319 
Vector product, of two vectors, (Eq. 67, 
Ch. IV) 344, 918 

Vectorial formula of a distribution, (Eq. 
5, Ch. V) 306 

Velocity, 35; durating, 76; of change, 


(Eq. 3a, Ch. IX) 495; standard error of, 
(Eq. 16, Ch. XI) 823 
Verification, 8, 19; of a classification by 
experiment, 394; of S-theory, 64; re- 
search suggestions, 918 
Vital statistics, equation of, (Eq. 11, 
Ch. X) 536; valid principles, 537 
Volumating, illustrated, 693, 726 
Voluming, (Eq. 67d, Ch. X) 725, 726 
Volumizing, 726 

Wants, see Desiderata, 30 

Weapons, 149 

Wishes, see Desiderata, 30 

Zero, absolute, 155; origin, 176; person 
script, 37; point, for a force, 744 
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